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Agriculture  &  Food 

Software 

1 027  Computer  Guides  Cattle  Stocking  Rate 

1 028  Enzymes  Could  Lead  To  Fungi  Custom-Tailored  To 
Kill  Insect  Pests 

Software 

1 029  Fertilization  Schedule  Computerized 

Computers 

1 030  NIST  Expands  Security  Bulletin  Board 

Software 

1 031  PHIGS  Conformance  Test  Available 

1 032  Displaying  TeX  Files  on  Graphics  Terminals — 
Previewing  of  printouts  saves  time  and  paper. 

1 033  Newton/Poisson-Distribution  Program — Newton's 
method  is  used  to  extract  the  Poisson  parameter. 

1 034  Program  Aids  Simulation  of  Neural  Networks — The 
user  can  design  patterns  of  connections  between 
layers  in  neural  networks. 

Other  Items  of  Interest 

1 039     General-Purpose  Serial  Interface  for  Remote 

Control — A  computer  controls  a  remote  television 
camera.  (Licensing  Opportunity) 

1 044  Processor  Would  Find  Best  Paths  on  Map — The  path 
from  an  origin  to  any  destination  would  have  the 
lowest  possible  cost.  (Licensing  Opportunity) 

1 045  Nonvolatile  Ionic  Two-Terminal  Memory  Device — A 
proposed  device  would  be  electrically  programmable 
and  erasable.  (Licensing  Opportunity) 

Electrotechnology 

1 035  Electrical  Interference  in  Microchips  Linked  to  Defect 

1 036  Electrical  Engineering/Electronics  Bulletin  Available 

1 037  Failures  of  CMOS  Circuits  Irradiated  at  Low  Rates — 
Experiments  confirm  previous  findings  that  low  dose 
rates  decrease  failure  doses. 

Testing  &  Instrumentation 

1 038  Frequency-Tracking-Error  Detector — A  circuit 
compares  the  average  periods  of  two  signals. 

1 039  General-Purpose  Serial  Interface  for  Remote 
Control — A  computer  controls  a  remote  television 
camera.  (Licensing  Opportunity) 

1 040  Imaging  Antenna  Structure  for  Submillimeter 
Wavelengths — Integrated-circuit  technology  is 
applied  to  obtain  a  two-dimensional  array.  (Licensing 
Opportunity) 


1 041  Monolithic  Optoelectronic  Integrated  Circuit — Input 
data  at  rates  up  to  1  Gb/s  are  demultiplexed  to  1 6 
outputs. 

1 042  Improved  Photovoltaic-Driven  Quantum  Light 
Modulator — Additional  features  would  increase 
sensitivity  and  utility.  (Licensing  Opportunity) 

1 043  Multi-Pinned-Phase  Charge-Coupled  Device — A  new 
technology  reduces  dark-current  generation  in 
charge-coupled  devices.  (Licensing  Opportunity) 

1 044  Processor  Would  Find  Best  Paths  on  Map — The  path 
from  an  origin  to  any  destination  would  have  the 
lowest  possible  cost.  (Licensing  Opportunity) 

1 045  Nonvolatile  Ionic  Two-Terminal  Memory  Device — A 
proposed  device  would  be  electrically  programmable 
and  erasable.  (Licensing  Opportunity) 

1 046  Recovering  Energy  From  a  Rapidly  Switched  Gate — 
The  gate  capacitance  would  be  charged  and 
discharged  efficiently. 

1 047  Superlattice  Long-Wavelength  Infrared  Sensors— A 
superlattice  of  LaN  and  Si  could  detect  at  wave- 
lengths up  to  12  urn. 

1 048  Test  Processor  for  PCM  Telemetry— The  user  can 
display  telemetric  data  in  a  variety  of  formats. 

1 049  High-Voltage  D-C  Microammeter 

1050  Coaxial  Intrinsic  Impedance  Standards  Described 

1 051  Electronic  Circuit  Breaker  for  Data  Collection 
Systems  Used  in  Mining 

1 052  Automatic  Range  Changer  for  SWR  Meter — A 
commercial  unit  is  modified  for  antenna-pattern 
measurements. 

1 053  Ball-Pass  Cage-Modulation  Detector — The  output  of 
this  detector  indicates  wear  in  a  bearing.  (Licensing 
Opportunity) 

1 054  Electro-optical  Probing  of  Terahertz  Integrated 
Circuits — Measurements  are  made  without  touching 
micron-sized  circuit  structures. 

1 055  Frequency  Synthesizer  for  Tracking  Filter— Fre- 
quency is  updated  every  2  us. 

Other  Items  of  Interest 

1 1 00     Removing  Dross  From  Molten  Solder — An  automatic 
device  helps  to  assure  good  solder  connections. 

Energy 

1 056  New  Pulse  Combustor  System  Improves  Industrial 
Drying 

1 057  New  Video  Can  Help  Save  Energy  and  Dollars 

Testing  &  Instrumentation 

1 058  Heat-Flux-Measuring  Facility — The  apparatus 
simulates  conditions  in  turbine  engines. 
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Energy  (Cont.) 

1059  Probe  Measures  Fouling  as  in  Heat  Exchangers — 
Combustion  deposits  reduce  the  transfer  of  heat. 

Engineering 

1 060  A  New  Version  of  Cameo 

1 061  Tactical  Robotic  Vehicle  Aids  in  Battlefield  Surveil- 
lance 

1 063  Extendable  Aluminum  Drilling  Post 

1 064  Mining  Applications  of  Crosshole  Seismic  Systems 

1 065  Video  Imaging  Projectile  Pictures  Terrain  Below  its 

Path 

1 066  Pressure  Armed  Release  Device  Developed 

1 067  Averaging  Sampled  Sensor  Outputs  To  Detect 
Failures — Fluctuating  signals  are  smoothed  by  taking 
consecutive  averages. 

1 068  Characteristic-Wave  Approach  Complements  Modal 
Analysis — Aspects  of  estimation  of  unmodeled 
dynamics  are  discussed. 

1 069  Cheap  Corner  Reflectors  for  Radar — Retroref lectors 
are  made  from  readily  available  materials  at  a  small 
fraction  of  their  usual  cost.  (Licensing  Opportunity) 

1 070  Designing  Digital  Control  Systems  With  Averaged 
Measurements — Rational  criteria  represent  an 
improvement  over  'cut-and-try'  approach. 

1 071  Classification  of  Radar  Scatterers  Via  Polarimetric 
Data — Scattering  mechanisms  are  identified  via 
polarization  signatures. 

1 072  Electronically  Scanned  Laser  Rangef  inder — A 
system  would  measure  distances  to  objects  in  front 
of  a  vehicle. 

1 073  Fixed-Position  Isolation  Valve — A  lightweight, 
compact  device  blocks  or  allows  flow. 

1 074  Positioning  X-Ray  Film  by  Balloon— Film  is  placed 
securely  against  a  wall,  without  wrinkles. 

1 075  Response  of  Ceramic  Insulation  to  Aerothermody- 
namic  Heating — A  simplified  theoretical  model 
predicts  the  thermal  behavior  of  composite  materials. 

1 076  Shock-Absorbing,  Retractable  Docking  Mechanism — 
The  new  version  would  save  considerable  weight. 
(Licensing  Opportunity) 

1 077  Stabilizing  Wheels  for  Rover  Vehicle — Extra  wheels 
would  prevent  tipping,  aid  in  climbing  banks,  and 
help  in  righting  after  overturning.  (Licensing  Opportu- 
nity) 

Software 

1 078  MFIRE:  Mine  Ventilation  and  Fire  Simulation 
Computer  Program 

Testing  &  Instrumentation 

1 079  Borehole  Platened  Flatjack  for  Measuring  Changes 


in  Rock  Stress 

1 080  In  Situ  Measurement  of  Rock  Mass  Properties  With 
Hydraulic  Borehole  Pressure  Cells 

1 081  Combined  Borescope  and  Flushing  Wand — This 
dual-purpose  tool  eliminates  trial  and  error  in  removal 
of  contamination. 

1 082  System  Detects  Vibrational  Instabilities — Sustained 
vibrations  at  two  critical  frequencies  trigger  diagnostic 
response  of  shutdown. 

1 083  Thermal-Transient  Testing  of  Turbine  Blades — A  thin 
surface  layer  is  heated  rapidly. 

Other  Items  of  Interest 

1 055     Frequency  Synthesizer  for  Tracking  Filter — Fre- 
quency is  updated  every  2  us. 

1 058     Heat-Flux-Measuring  Facility — The  apparatus 
simulates  conditions  in  turbine  engines. 

1 094     Balancing  Loads  Among  Robotic-Manipulator 
Arms — Improved  controls  would  result  in  safer 
handling  of  delicate  objects. 

1 097     Exact  Linearization  for  Control  of  Robots — The 
equivalence  of  several  theoretical  approaches  is 
discussed. 

1 1 01     Rotor/Stator  Interaction  in  a  Diffuser  Pump — 

Measurements  of  steady  and  fluctuating  pressures 
are  reported. 

1 1 22     Liquid-Air  Breathing  Apparatus — A  compact  unit 

supplies  air  longer  than  does  a  compressed-air  unit. 

1 1 36     Acoustic  Reduction  of  Separation  of  Flow — The 
effect  of  sound  is  tested  in  flows  about  airfoils. 

1 1 38     Four-Wheel  Vehicle  Suspension  System — Levers 
reduce  tilt  provide  three-point  suspension  of  the 
chassis. 

Environmental  Science  &  Technology 

1 084  The  Lewisville  Aquatic  Plant  Research  Facility 
Nonoccupational  Pesticide  Exposure  Study  (NOPES) 
Treating  Chlorinated  Wastes  with  KPEG  Process 
The  Greenhouse  Effect 


1085 
1086 
1087 
1088 


Catalytic  Destruction  of  Toxic  Organic  Compounds- 
A  conceptual  fuel-efficient  system  promises  nearly 
complete  oxidation  to  harmless  substances. 


Testing  &  Instrumentation 

1 089  Compendium  of  Methods  for  the  Determination  of  Air 
Pollutants  in  Indoor  Air 

1 090  Field  Demonstration  for  Mobile  FT-IR  for  Dectection 
of  Volatile  Organic  Chemicals 

Other  Items  of  Interest 

1 1 09     Terpene-Based  Solvent  Target  of  EMPF  Research 


December  1 990  Tech  Notes  Title  List 


Manufacturing,  Machinery  &  Tools 

1 091  Improvement  of  Wood  Processing  Systems 

1 092  Computerized  Welding  Data 

1093  New  Pulley  Block 

1 094  Balancing  Loads  Among  Robotic-Manipulator 
Arms — Improved  controls  would  result  in  safer 
handling  of  delicate  objects. 

1 095  Borescope  Aids  Welding  in  Confined  Spaces — Video 
viewing  eliminates  blind  welding  in  inaccessible 
locations. 

1 096  Dual-Head  Robotic  Welder— Distortion  in  welds  is 
reduced 

1 097  Exact  Linearization  for  Control  of  Robots — The 
equivalence  of  several  theoretical  approaches  is 
discussed. 

1 098  Exponentially  Stabilizing  Robot  Control  Laws — New 
control  laws  provide  tradeoffs  between  computation 
and  convergence. 

1 099  Grinding  Away  Microf  issures — Any  of  a  variety  of 
abrasive  tips  is  attached  to  a  small  motor. 

1 1 00  Removing  Dross  From  Molten  Solder— An  automatic 
device  helps  to  assure  good  solder  connections. 

1 1 01  Rotor/Stator  Interaction  in  a  Diff  user  Pump — 
Measurements  of  steady  and  fluctuating  pressures 
are  reported. 

Software 

1 1 02  Simulating  a  Factory  via  Software — This  software 
system  generates  a  simulation  program  from  the 
user's  responses  to  questions. 

1 1 03  Software  for  Numerically  Controlled  Machining — The 
APT  code  is  enhanced. 

Testing  &  Instrumentation 

1 1 04  Device  and  Technique  for  In-Process  Sampling  and 
Analysis  of  Molten  Metals  and  Other  Liquids  Present- 
ing Harsh  Sampling  Conditions 

1 1 05  Computer  Control  to  Assure  Quality  Welds 

1 1 06  Design  for  a  Radioscopic  Image  Quality  Indicator 

Materials 

1 1 07  Characterization  of  Fiber-Reinforced  Particulate 
Filters 

1 1 08  Chemical  Vapor  Deposition  in  the  Silicon-Carbon  and 
Boron-Carbon-Nitrogen  Systems 

1 1 09  Terpene-Based  Solvent  Target  of  EMPF  Research 

1110  Additives  Lower  Dielectric  Constants  of  Polyimides — 
Dielectric  constants  as  low  as  2.43  make  polyimides 
more  attractive  for  electronic  applications.  (Licensing 
Opportunity) 

1111  Ethynyl-Terminated  Imidothioethers  and  Derived 


Resins — Novel  materials  and  resin  blends  prepared 
from  them  show  excellent  processability  and  me- 
chanical properties. 

1112  Flammabilities  of  Graphite-Reinforced  Composites — 
Composites  made  with  epoxy  and  other  matrices  are 
compared  with  each  other. 

1113  Polyimidazoles  via  Aromatic  Nucleophilic  Displace- 
ment— These  polymers  are  suitable  for  use  as  films, 
moldings,  and  adhesives.  (Licensing  Opportunity) 

1 1 14  Pyrolysis  Products  of  Dimethyldichlorosilane — Silicon 
carbide  appears  to  be  formed  along  two  different 
reaction  paths.  (Licensing  Opportunity) 

1115  Rewaterproofing  Chemical  for  Use  With  Silicones — 
An  agent  restores  impermeability  without  degrading 
silicone  adhesives  and  substructures. 

Testing  &  Instrumentation 

1116  Self-Aligning  Axial/Torsional  Loading  Mechanism  for 
Testing  Brittle  Materials 

Other  Items  of  Interest 

1 071     Classification  of  Radar  Scatterers  Via  Polarimetric 
Data — Scattering  mechanisms  are  identified  via 
polarization  signatures. 

1074  Positioning  X-Ray  Film  by  Balloon — Film  is  placed 
securely  against  a  wall,  without  wrinkles. 

1 075  Response  of  Ceramic  Insulation  to  Aerothermody- 
namic  Heating — A  simplified  theoretical  model 
predicts  the  thermal  behavior  of  composite  materials. 

Medicine  &  Biology 

1117  Cochlear  Implant 
New  Dog-Tested  Preservative  Improves  Transplanta- 


1118 

1119 

1120 
1121 

1122 


tion 

Evaluation  of  Shiftwork  Schedules  Using  Worker 
Experience 

New  Ballistic  Face  Shield  Designed 

Implantable  Electrode  for  Critical  Locations — Tissue 
should  grow  readily  around  fuzzy  covering. 

Liquid-Air  Breathing  Apparatus — A  compact  unit 
supplies  air  longerthan  does  a  compressed-air  unit. 


Natural  Resources  Technology  & 
Engineering 

Testing  &  Instrumentation 

1 1 23  Determining  Polarities  of  Distant  Lightning  Strokes- 
Two  features  of  the  signal  from  each  stroke  appear 
to  be  correlated. 

1 1 24  Making  Topographical  Maps  From  SAR  and  Flood- 
Gauge  Data — Data  are  processed  and  merged  to 
obtain  a  variety  of  useful  images.  (Licensing  Oppor- 
tunity) 
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Natural  Resources  Technology  & 
Engineering  (Cont.) 

Software 

1 1 25    Geostatistics  for  Waste  Management:  A  User's 

•  Manual  for  the  GEOPACK  (Version  1 .0)  Geostatisti- 
cal  Software  System 


1 1 37  Civil  Applications  for  New  V/STOL  and  STOL 
Aircraft — New  designs  offer  benefits  in  congested 
urban  areas  and  remote  regions. 

1 1 38  Four-Wheel  Vehicle  Suspension  System — Levers 
reduce  tilt  provide  three-point  suspension  of  the 
chassis. 


Physical  Sciences 

1 1 26  LBL  Develops  Powerful  Tritide  Technique  for 
Labeling  Organic  and  Biological  Molecules 

1 1 27  Photoacoustic  Control  of  Beam  Process 

1 1 28  Major  Expansion  made  to  Chemical  Kinetics  Data- 
base 

1 1 29  Improved  Multiple-Species  Cyclotron  Ion  Source — 
(86)Kr(+1 7)  is  used  instead  of  (80)Kr(+1 6). 

Testing  &  Instrumentation 

1 130  Basics  of  Chemical  Instrumentation  Explained 

PC  Database  Available  for  Hydrocarbon  Mixtures 

Chamber  for  Testing  Polymers  in  Oxygen  Plasma — 
The  specimen  is  surrounded  with  a  plasma  and 
maintained  at  a  constant  temperature  (Licensing 
Opportunity) 

Laser  Schlieren  System  Detects  Sounds  of  Leaks — 
Hostile  environments  can  be  monitored  safely  and 
noninvasively.  (Licensing  Opportunity) 

Measuring  Irradiance  Over  Large  Areas — The  map  of 
temperature  on  a  thin  reradiating  sheet  yields  data 
on  the  thermal  irradiance.  (Licensing  Opportunity) 

Silicon  Detectors  for  Helium  Liquid  and  Vapor — 
Liquid  cools  more  than  vapor  does,  resulting  in 
greater  electrical  resistance. 


1131 
1132 


1133 


1134 


1135 


Other  Items  of  Interest 

1 088     Catalytic  Destruction  of  Toxic  Organic  Compounds — 
A  conceptual  fuel-efficient  system  promises  nearly 
complete  oxidation  to  harmless  substances. 

1 090     Field  Demonstration  for  Mobile  FT-IR  for  Dectection 
of  Volatile  Organic  Chemicals 

1 1 08     Chemical  Vapor  Deposition  in  the  Silicon-Carbon  and 
Boron-Carbon-Nitrogen  Systems 

1113  Polyimidazoles  via  Aromatic  Nucleophilic  Displace- 
ment— These  polymers  are  suitable  for  use  as  films, 
moldings,  and  adhesives.  (Licensing  Opportunity) 

1 1 14  Pyrolysis  Products  of  Dimethyldichlorosilane— Silicon 
carbide  appears  to  be  formed  along  two  different 
reaction  paths.  (Licensing  Opportunity) 


Transportation  &  Components 

1 1 36     Acoustic  Reduction  of  Separation  of  Flow — The 
effect  of  sound  is  tested  in  flows  about  airfoils. 
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Agriculture  &  Food 


Software 

1 027  Computer  Guides  Cattle  Stocking  Rate 

1028  Enzymes  Could  Lead  To  Fungi  Custom-Tailored  To  Kill  Insect  Pests 

Software 

1 029  Fertilization  Schedule  Computerized 


Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Computer 
Software 


Computer  Guides  Cattle  Stocking  Rate 


Although  many  seasoned  ranch- 
ers are  good  at  matching  cattle  herd 
size  to  their  grass  supply,  it's  now 
possible  for  even  inexperienced 
livestock  producers  to  match  the 
number  of  cattle  on  their  rangeland 
to  the  available  forage. 

This  match  is  possible  with  a 
computer  program  called 
SMART — Simple  Model  to  Assess 
Range  Technology — which  helps 
ensure  that  land  is  not  overgrazed 
and  that  ranchers  get  maximum 
beef  production  at  the  lowest  cost. 

"The  rancher  inputs  the  stocking 
rate,  initial  weight  of  steers,  total 
annual  forage  production,  and 
seasonal  pattern  of  forage  quality. 
Then  SMART  prints  out  forage 
supply  and  gains  for  each  day  and 
the  cumulative  totals  for  the  graz- 
ing season,"  says  ARS  range 
scientist  Richard  H.  Hart  at  the 
High  Plains  Grasslands  Research 
Station,  Cheyenne,  Wyoming. 

By  running  the  program  on  a 
desktop  computer,  the  rancher  can 
try  out  a  number  of  stocking  rates 
and  forage  types,  evaluate  the 
results,  and  decide  which  alterna- 
tive to  adopt. 

In  the  previous  century  and 
during  the  early  part  of  this  one, 
some  ranchers  would  stock  the 
same  number  of  cattle  year  after 


year — say  one  cow  and  her  calf  per 
20  acres  of  rangeland.  That  prac- 
tice was  sometimes  disastrous  both 
to  the  environment  and  to  cattle. 

"Extended  droughts  such  as 
those  of  the  1880'sor  1930's 
caused  cattle  to  devour  every  blade 
of  grass  on  the  range.  Even  when 
the  cattle  survived,  this  ranching 
practice  cut  into  profits,"  says  Hart. 

Modern-day  ranchers  are  more 
flexible;  they  trim  herd  size  when 
prices  fall  or  when  grasses  fail  to 
provide  enough  nutrition.  Hart 
says  the  computer  model  will 
encourage  better  management  and 
more  stable  income. 

Growth  rates  and  quality  of 
plants  in  many  range  ecosystems 
can  be  built  into  the  model.  The 
present  version  is  designed  for 
yearling  cattle,  but  a  version  for 
cow-calf  operations  is  also  being 
developed. 

There  is  no  charge  for  the  pro- 
gram, which  is  written  in  the 
BASIC  computer  language.  To 
obtain  a  copy,  send  Hart  a  blank 
5.25-inch,  double-density  disk- 
ette. 

Richard  H.  Hart  is  at  the  USDA- 
ARS  High  Plains  Grasslands  Re- 
search Station,  8408  Hildreth  Rd., 
Cheyenne,  WY  82009  (307)772- 
2433.  ♦ 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Enzymes  Could  Lead  To  Fungi  Custom-Tailored  To  Kill 
Insect  Pests 

Natural  enzymes  found  in  insect-eating  fungi  could  give  farmers  and  gardeners  custom-made  alternatives  to 
chemical  insecticides,  U.S.  Department  of  Agriculture  scientists  said. 

"We  have  identified  certain  enzymes  that  appear  promising  for  making  fungi  lethal  to  insects  that  attack  corn, 
cabbage,  wheat  and  other  crops,"  said  research  geneticist  Timothy  D.  Leathers  of  the  Agricultural  Research 

Service. 

Many  fungi  secrete  enzymes  that  break  down  an  insect's  skin.  That  lets  the  fungus  penetrate,  multiply  and 
consume  the  insect,  said  ARS  microbiologist  Subhash  C.  Gupta.  He  and  Leathers  work  at  the  agency's  Northern 
Regional  Research  Center  in  Peoria,  111.  Beyond  continuing  the  enzyme  search,  Leathers  said,  the  next  steps  would 
be  to  genetically  engineer  the  most  promising  enzymes  into  various  fungi  and  devise  means  for  commercially 
mass-producing  the  fungi. 

"Genes  that  make  the  newly  identified  enzymes  could  be  placed  into  other  fungi  and  make  them  amenable  to 
growing  on  insects  that  they  otherwise  would  not  infect,"  Gupta  said.  "Fungal  spores  containing  the  enzymes  could 
be  mass-produced  and  sprayed  onto  crops.  This  approach  would  be  safe  for  plants,  beneficial  insects,  animals, 
people  and  the  environment." 

In  some  lab  tests  at  the  Peoria  research  center,  fungal  spores  killed  50  percent  of  the  target  insect  species  within 
four  days. 

The  researchers  studied  five  strains  of  a  common  soil  fungus  that  produce  a  variety  of  enzymes.  They  did  not 
identify  the  fungus  since  they  are  applying  for  a  patent  on  the  new  enzymes  and  the  fungal  species  and  five  strains. 

The  work  is  being  supported  by  the  Biotechnology  Research  and  Development  Corporation.  The  corporation,  a 
consortium  of  companies,  universities  and  the  Peoria  center,  was  formed  in  1988  to  develop  new  commercial 
products  from  research. 

"Identifying  these  enzymes  is  important  to  the  BRDC  and  its  member  companies  because  we're  hoping  to  introduce 
more  natural  products  to  help  agricultural  problems  and  at  the  same  time  show  reasonable  concern  for  the 
environment,"  said  BRDC  president  J.  Grant  Brewen. 

FOR  ADDITIONAL  INFORMATION:  Timothy  D.  Leathers,  research  geneticist,  Northern  Regional  Research 
Center,  Agricultural  Research  Service,  USDA,  Peoria,  111.  61604;  (309)685-4011. 
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Research  Technology 

I  Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Software 


Fertilization  Schedule  Computerized 


A  new  computer  program  will  give  winter  wheat  farm- 
ers across  the  nation  a  larger  picture  of  the  best  time  to 
fertilize.  Knowing  exactly  when  and  how  much  fertilizer  to 
apply  reduces  wastes  and  benefits  the  environment  as  well. 
An  earlier  computer  program,  PLANTEMP,  predicts  when 
each  plant  part — roots,  shoots  and  leaves— will  appear, 
based  on  weather  data.  Modular  Winter  Wheat,  the  new 
program,  accounts  for  factors  that  influence  photosynthesis 
rates — like  intercepted  light,  water  and  nutrient  availability. 


As  a  result,  MWW  can  also  predict  the  size  of  each  plant 
part.  That  will  let  farmers  estimate  plant  size  based  on  their 
region's  most  limiting  factor  (for  example,  water  in  dryland 
areas).  They  can  then  match  spring  fertilizer  applications  to 
amount  of  available  water.  The  new  program  should  be 
available  for  researchers  and  farmers  in  about  2  years. 

Columbia  Plateau  Conservation  Research  Center, 

Pendleton,  OR 

Ronald  W.  Rickman,  (503)  276-3811 
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Computers 


1 030  NIST  Expands  Security  Bulletin  Board 

Software 

1 031  PHIGS  Conformance  Test  Available 

1 032  Displaying  TeX  Files  on  Graphics  Terminals — Previewing  of  printouts 
saves  time  and  paper. 

1 033  Newton/Poisson-Distribution  Program — Newton's  method  is  used  to 
extract  the  Poisson  parameter. 

1 034  Program  Aids  Simulation  of  Neural  Networks — The  user  can  design 
patterns  of  connections  between  layers  in  neural  networks. 

Other  Items  of  Interest 

1 039    General-Purpose  Serial  Interface  for  Remote  Control— A  computer 
controls  a  remote  television  camera.  (Licensing  Opportunity) 

1 044  Processor  Would  Find  Best  Paths  on  Map — The  path  from  an  origin  to 
any  destination  would  have  the  lowest  possible  cost.  (Licensing 
Opportunity) 

1 045  Nonvolatile  Ionic  Two-Terminal  Memory  Device — A  proposed  device 
would  be  electrically  programmable  and  erasable.  (Licensing 
Opportunity) 


♦ 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


NIST  Expands  Security  Bulletin  Board 


The  NIST  Computer  Security  Bulletin  Board  has  been  expanded  making  it  easier  to  access  the  information  stored 
in  the  system.  In  operation  since  October  1989,  this  electronic  bulletin  board  contains  a  variety  of  information 
dealing  with  computer  security,  including  bibliographies  of  relevant  publications  and  listing  of  security-related 
seminars  and  conferences.  In  addition,  the  system  contains  information  issued  by  NIST  and  others  concerning 
computer  security  incidents,  such  as  computer  virus  attacks.  NIST  also  will  use  the  bulletin  board  to  disseminate 
information  about  future  incidents.  A  standard  ASCII  terminal  or  a  personal  computer  with  serial  communications 
capability  is  needed  to  access  the  bulletin  board.  The  terminal  should  be  set  up  for  these  communications 
parameters:  2400, 1200,  or  300  modern  baud  rate;  8  data  bits  with  no  parity  (or  7  with  even  parity);  and  1  stop  bit. 
Dial  301/948-5717  to  connect  with  the  board.  The  system  is  available  24  hours  a  day. 

FOR  ADDITIONAL  INFORMATION:  For  further  information,  call  NCSL  Security  BBS  assistance  at  301/975- 
3359  or  use  the  message  subsystem  of  the  bulletin  board. 
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NIST  Technology  Update    cSl% 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

PHIGS  Conformance  Test  Available 


The  Programmer's  Hierarchical  Interactive  Graphics  System  (PHIGS)  provides  a  standard  library  of  routines  for 
use  in  programming  three-dimensional  graphics.  PHIGS  is  a  Federal  Information  Processing  Standard  (FIPS  153), 
which  adopts  a  voluntary  industry  standard  (ANS  1X3.144-1988).  NIST  has  developed  a  test  system  to  help  users 
and  vendors  determine  whether  the  complex  data  structures  used  to  generate  the  graphics  displays  conform  to  FIPS 
153.  A  future  version  will  include  interactive  tests  to  determine  if  the  "visual  output"  -  the  picture  on  the  screen  -  is 
correct.  The  test  suite  consists  of  a  set  of  FORTRAN  programs  that  can  be  easily  adapted  for  most  computer 
system  operating  environments.  The  PHIGS  validation  test  costs  $1,000  for  the  first  operating  environment,  $1,500 
for  two  different  environments,  and  $2,000  for  three.  Four  or  more  will  cost  $2,500.  A  user  guide  describing  the 
test  suite  installation  and  operation  as  well  as  guidance  on  interpreting  the  tests  results  is  included. 

FOR  ADDITIONAL  INFORMATION:  To  order,  contact  John  Cugini,  A266  Technology  Bldg.,  NIST, 
Gaithersburg,  Md.  20899;  301/975-3248. 
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fUASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Displaying  TeX  Files  on 
Graphics  Terminals 

Previewing  of  printouts 
saves  time  and  paper. 

TeX  is  a  public-domain  typesetting  pro- 
gram developed  by  Donald  Knuth  of  Stan- 
ford University.  It  produces  output  in  a  de- 
vice-independent form  called  DVI,  which  is 
then  run  through  a  device  driver  to  obtain  a 
printed  copy.  Often,  it  requires  many  itera- 
tions to  change  a  TeX  document  into  the 
desired  version.  Printing  each  version  on  a 
hard-copy  device,  such  as  a  laser  printer, 
to  provide  the  feedback  correction  for  the 
next  iteration  wastes  time  and  paper.  The 
DVIVIEW  program  previews  output  from 
TeX  on  graphics  terminals.  It  enables  the 
user  to  specify  a  range  of  pages  to  be 
viewed,  to  change  the  magnification  of  the 
document,  and  to  view  each  page  in  seven 
different  modes  that  affect  the  size  and 
orientation  of  each  page. 


DVIVIEW  uses  vector-specified  fonts 
speed-loaded  into  memory  by  use  of  a  VMS 
system  call.  The  fonts  can  then  be  used  at  a 
variety  of  magnifications.  The  fonts  were 
originally  drawn  from  the  Hershey  charac- 
ter set,  and  were  heavily  modified.  The 
fonts  most  closely  resembling  the  TeX 
fonts  have  been  used.  For  some  TeX  fonts, 
a  few  esoteric  characters  are  absent 
because  they  were  not  represented  in  the 
Hershey  set  and  have  not  yet  been  de- 
signed. The  terminals  supported  include 
VT100  and  VT220  with  Selanar  boards  in- 
stalled; VT240,  Tektronices  4010/4014, 
Macintosh  and  Pericom;  and  Grinnell  and 
Ramtek  raster-frame-buffer  display  de- 
vices. 

The  DVIVIEW  program  is  written  in 


Pascal,  FORTRAN,  C,  and  Assembler.  It 
has  been  implemented  on  a  DEC  VAX 
series  computer  under  VMS.  DVIVIEW 
was  developed  in  1985,  and  Version  2.04 
was  released  in  1986. 

This  program  was  written  by  Peter  J. 
Scott  and  David  B.  Coons  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17296/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


♦ 


Newton/Poisson- 
Distributlon  Program 

Newton's  method  is 
used  to  extract  the 
Poisson  parameter. 

NEWTPOIS  is  one  of  two  computer  pro- 
grams that  make  calculations  involving 
cumulative  Poisson  distributions.  Both  pro- 
grams,  NEWTPOIS  (NPO-17715)  and 
CUMPOIS  (NP0-17714),  can  be  used  in- 
dependently of  one  another.  NEWTPOIS 
determines  the  Poisson  parameter  for  a 
given  cumulative  probability,  from  which 
one  can  also  obtain  percentiles  for  r  distri- 
butions with  integer  shape  parameters  and 
percentiles  for  x2  distributions  with  even 
degrees  of  freedom.  It  can  be  used  by  sta- 
tisticians and  others  concerned  with  prob- 
abilities of  independent  events  that  occur 
over  specific  units  of  time,  area,  or  volume. 

NEWTPOIS  determines  the  Poisson  pa- 
rameter (A);  that  is,  the  mean  (or  expected) 


number  of  events  occurring  in  a  given  unit 
of  time,  area,  or  space.  Direct  calculation 
of  the  Poisson  parameter  becomes  difficult 
for  small  positive  values  of  the  number  of 
occurrences  (n)  and  unmanageable  for 
large  values.  NEWTPOIS  uses  Newton's 
iteration  method  to  extract  A,  taking  suc- 
cessive estimations  untii  some  error  term 
(e)  specified  by  the  user  is  reached. 

The  NEWTPOIS  program  is  written  in  C. 
It  was  developed  on  an  IBM  AT  computer 
with  a  numeric  coprocessor  using  Micro- 
soft C  5.0.  Because  the  source  code  is  writ- 
ten using  standard  C  structures  and  func- 
tions, it  should  compile  correctly  on  most 
C  compilers.  The  program  format  is  inter- 
active, accepting  t,  n,  and  the  cumulative 


probability  of  the  occurrence  of  n  as  inputs. 
It  has  been  implemented  under  DOS  3.2 
and  has  a  memory  requirement  of  30K. 
NEWTPOIS  was  developed  in  1988. 

This  program  was  written  by  Paul  N. 
Bowerman  and  Ernest  M.  Scheuer  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17715/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 


♦ 
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Program  Aids  Simulation  of 
Neural  Networks 

The  user  can  design 
patterns  of  connections 
between  layers  in 
neural  networks. 

The  computer  program  NETS — A  Tool 
for  the  Development  and  Evaluation  of 
Neural  Networks  —  provides  a  simulation 
of  neural-network  algorithms  plus  a  soft- 
ware environment  for  the  development  of 
such  algorithms.  Neural  networks  are  a 
class  of  systems  modeled  after  the  human 
brain.  Artificial  neural  networks  are  fomed 
from  hundreds  or  thousands  of  simulated 
neurons,  connected  to  each  other  in  a 
manner  similar  to  that  of  neurons  in  the 
brain.  Problems  that  involve  the  matching 
of  patterns  readily  fit  the  class  of  problems 
that  NETS  is  designed  to  solve. 

NETS  uses  the  back-propagation  meth- 
od of  learning  for  all  of  the  networks  that  it 
creates.  Typically,  the  nodes  of  a  network 
are  grouped  together  into  clumps  called 
"layers."  Generally,  a  network  has  an  input 
layer  through  which  the  various  environ- 
mental stimuli  are  presented  to  the  net- 
work, and  an  output  layer  for  determining 
the  response  of  the  network.  The  number 
of  nodes  in  these  two  layers  is  usually  tied 


to  some  features  of  the  problem  being 
solved.  Other  layers,  which  form  inter- 
mediate stops  between  the  input  and  out- 
put layers,  are  called  "hidden  layers." 
NETS  enables  the  user  to  customize  the 
patterns  of  connections  between  layers  of 
a  network.  NETS  also  provides  features  for 
saving  the  weight  values  of  a  network, 
thereby  providing  for  more  precise  control 
over  the  learning  process. 

NETS  is  an  interpreter.  Its  method  of  ex- 
ecution is  the  familiar  "read-evaluate- 
print"  loop  found  in  such  interpreted 
languages  as  BASIC  and  LISP.  The  user  is 
presented  with  a  prompt,  which  is  the  sim- 
ulator's way  of  asking  for  input.  After  a 
command  is  issued,  NETS  attempts  to 
evaluate  the  command.  The  attempt  may 
produce  more  prompts  that  request  speci- 
fic information  or  may  produce  an  error 
signal  if  the  command  is  not  understood. 
The  typical  process  involved  when  using 
NETS  consists  of  translating  the  problem 
into  a  format  that  uses  input/output  pairs, 


designing  a  network  configuration  for  the 
problem,  and  finally  training  the  network 
with  input/output  pairs  until  an  acceptable 
error  is  reached. 

NETS  is  written  in  C  and  can  be  execut- 
ed on  a  variety  of  machines  with  no  code 
changes.  To  date,  NETS  has  been  imple- 
mented on  IBM  personal  computers  and 
on  Apple  Macintosh,  VAX,  SUN,  and  HP 
9000  computers.  The  memory  require- 
ments for  NETS  are  4  bytes  per  node  and  4 
bytes  per  connection.  NETS  was  released 
in  1989. 

This  program  was  written  by  Paul  T. 
Baffes  for  Johnson  Space  Flight 
Center.  MSC-21588/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Electrotechnology 


1 035  Electrical  Interference  in  Microchips  Linked  to  Defect 

1 036  Electrical  Engineering/Electronics  Bulletin  Available 

1037  Failures  of  CMOS  Circuits  Irradiated  at  Low  Rates— Experiments 
confirm  previous  findings  that  low  dose  rates  decrease  failure  doses. 

Testing  &  Instrumentation 

1 038  Frequency-Tracking-Error  Detector — A  circuit  compares  the  average 
periods  of  two  signals. 

1 039  General-Purpose  Serial  Interface  for  Remote  Control — A  computer 
controls  a  remote  television  camera.  (Licensing  Opportunity) 

1040  Imaging  Antenna  Structure  for  Submillimeter  Wavelengths — Integrated- 
circuit  technology  is  applied  to  obtain  a  two-dimensional  array. 
(Licensing  Opportunity) 

1041  Monolithic  Optoelectronic  Integrated  Circuit — Input  data  at  rates  up  to  1 
Gb/s  are  demultiplexed  to  16  outputs. 

1 042  Improved  Photovoltaic-Driven  Quantum  Light  Modulator — Additional 
features  would  increase  sensitivity  and  utility.  (Licensing  Opportunity) 

1 043  Multi-Pinned-Phase  Charge-Coupled  Device — A  new  technology 
reduces  dark-current  generation  in  charge-coupled  devices.  (Licensing 
Opportunity) 

1 044  Processor  Would  Find  Best  Paths  on  Map — The  path  from  an  origin  to 
any  destination  would  have  the  lowest  possible  cost.  (Licensing 
Opportunity) 

1 045  Nonvolatile  Ionic  Two-Terminal  Memory  Device — A  proposed  device 
would  be  electrically  programmable  and  erasable.  (Licensing 
Opportunity) 

1 046  Recovering  Energy  From  a  Rapidly  Switched  Gate — The  gate 
capacitance  would  be  charged  and  discharged  efficiently. 

1 047  Superlattice  Long-Wavelength  Infrared  Sensors— A  superlattice  of  LaN 
and  Si  could  detect  at  wavelengths  up  to  1 2  urn. 

1 048  Test  Processor  for  PCM  Telemetry — The  user  can  display  telemetric 
data  in  a  variety  of  formats. 

1049  High-Voltage  D-C  Microammeter 

1050  Coaxial  Intrinsic  Impedance  Standards  Described 

1 051  Electronic  Circuit  Breaker  for  Data  Collection  Systems  Used  in  Mining 

1 052  Automatic  Range  Changer  for  SWR  Meter — A  commercial  unit  is 
modified  for  antenna-pattern  measurements. 

1 053  Ball-Pass  Cage-Modulation  Detector — The  output  of  this  detector 
indicates  wear  in  a  bearing.  (Licensing  Opportunity) 

1 054  Electro-optical  Probing  of  Terahertz  Integrated  Circuits — Measurements 
are  made  without  touching  micron-sized  circuit  structures. 

1 055  Frequency  Synthesizer  for  Tracking  Filter — Frequency  is  updated  every 
2  us. 

Other  Items  of  Interest 

1 1 00     Removing  Dross  From  Molten  Solder — An  automatic  device  helps  to 
assure  good  solder  connections. 
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Technology  Application 


Sandia  National  Laboratory 


Electrical  Interference  in  Microchips  Linked  to  Defect 


Manufacturing  techniques  that  make  microcircuits 
resistant  to  ionizing  radiation  also  make  them  resistant 
to  a  common  type  .of  electrical  interference,  researchers 
at  Sandia  National  Laboratories  and  Oberlin  College 
have  learned. 

The  techniques  could  be  used  to  improve  the 
performance  of  commercial  MOS  (metal-oxide- 
semiconductor)  transistors  by  reducing  the  interference, 
the  researchers  believe. 

Called  1//  noise  or  "flicker"  noise,  the  interference 
limits  the  accuracy  of  some  high-precision  instruments. 
For  example,  interference  arising  in  MOS  transistors 
corrupts  the  electronic  signal  in  commercial  amplifiers, 
especially  at  low  frequencies  ("/"  stands  for  the  fre- 
quency of  the  electrical  response). 

MOS  transistors  are  the  building  blocks  that  make 
up  most  computer  chips.  A  standard  computer  includes 
hundreds  or  thousands  of  these  chips,  each  of  which  may 
contain  up  to  a  million  or  more  transistors.  MOS  tran- 
sistors are  popular  because  they  have  low  power  require- 
ments and  can  be  densely  packed  on  a  silicon  chip. 

Electrical  interference  phenomena  in  MOS  transis- 
tors closely  correlate  with  the  transistors'  response  to 
radiation  exposure,  according  to  the  findings  of  Dan 
Fleetwood  of  Sandia's  Radiation  Technology  and  Assur- 
ance Division  and  physics  professor  John  Scofield  of 
Oberlin  College  in  Ohio.  In  other  words,  transistors 
designed  for  high  tolerance  to  ionizing  radiation  (i.e., 
x-rays  and  gamma  rays)  tend  to  exhibit  an  equivalent 
reduction  in  1//  noise. 

Solid-state  electronics  experts  have  learned  that 
defects  in  semiconductor  material  contribute  to 
radiation-caused  malfunctions,  and  they  have  developed 
techniques  to  minimize  these  defects  in  MOS  circuits 
produced  for  the  Department  of  Energy  and  NASA. 

"We  suggest  that  industry  could  borrow  some  of 
these  same  techniques  to  improve  high-precision  MOS 
circuits,"  Fleetwood  says. 

Fleetwood  and  Scofield  have  linked  the  defect  to  a 
flaw  in  the  transistor's  insulator,  a  layer  of  silicon 
dioxide  that  separates  the  "gate"  of  the  transistor  from 
the  channel  of  the  device  through  which  current  flows. 
The  gate  turns  the  transistor  current  on  and  off. 


Missing  oxygen  atoms  ("vacancies")  in  the  silicon 
dioxide  insulator  act  as  traps,  capturing  and  releasing 
electrons  from  the  current  flowing  through  the  transis- 
tor. Capture  or  release  of  an  electron  changes  the  cur- 
rent, thus  leading  to  noise. 

The  response  is  similar  to  transistor  response  to 
irradiation,  Fleetwood  says.  Radiation  damage  produces 
a  charge  buildup  at  similar  traps  in  the  insulator, 
causing  the  device  to  perform  unpredictably  and  the 
transistor  to  malfunction. 

Sandia  undertook  the  study  to  determine  whether 
1//  noise  measurements  could  be  used  "to  help  improve 
our  confidence  that  when  we  put  a  device  in  a  system  it's 
going  to  be  as  radiation  tolerant  as  we  intend  it  to  be," 
Fleetwood  says. 

Sandia  already  designs  microelectronics  systems  to 
withstand  radiation  exposure  such  as  those  found  in 
certain  space  and  military  environments.  In  the  process 
of  building  in  radiation  tolerance,  the  l/f  noise  is  appar- 
ently reduced. 

Fleetwood  and  Scofield  published  their  findings  in  a 
recent  issue  of  Physical  Review  Letters  (64:579-582. 
1990).  Fleetwood  said  their  research  represents  the  first 
systematic  look  at  l/f  noise  and  radiation  tolerance  of 
MOS  transistors. 


30-year  mystery 

Because  of  its  importance  in  the  electronics  indus- 
try, the  MOS  transistor  is  probably  the  most  studied 
type  of  device  in  which  l/f  noise  occurs.  It  was  generally 
believed  that  flicker  noise  was  linked  to  some  type  of 
defect  in  the  silicon  wafer  or  the  insulating  layer  of  the 
transistor.  However,  30  years  of  research  had  been 
unable  to  unlock  the  mystery  of  the  nature  of  the  defect. 

A  more  common  interference  is  "white  noise" — the 
crackle  and  buzz  originating  from  electrostatic 
discharge — sometimes  heard  on  radio  broadcasts. 

Fleetwood  said  that  1// noise  has  intrigued  scientists 
since  J.  B.  Johnson  of  Bell  Laboratories  discovered  it  in 
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vacuum  tubes  in  1925.  Since  then,  examples  of  similar 
fluctuations,  or  flicker  noise,  have  been  observed  in 
nature — usually  defying  explanation.  For  example,  vari- 
ations in  the  light  signal  of  a  quasar,  low  frequency 
seismic  motion,  sunspot  numbers,  and  even  the  flow  rate 
of  the  Nile  exhibit  the  characteristic  1//  noise  spectral 
shape  of  a  downward  sloping  curve  with  slope  in  the 
range  of  —  1.  No  explanation  has  emerged  as  to  why  such 
diverse  systems  all  exhibit  the  same  fluctuations.  D 
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Failures  of  CMOS  Circuits 
Irradiated  at  Low  Rates 

Experiments  confirm  previous 
findings  that  low  dose  rates 
decrease  failure  doses. 

A  report  describes  experiments  on  the 
irradiation  of  SGS  4007  complementary 
metal  oxide/semiconductor  (CMOS)  inte- 
grated inverter  circuits  by  60Co  and  137Cs 
radioactive  sources.  The  purpose  of  the 
experiments  was  to  supplement  previous 
observations  that  the  minimum  radiation 
doses  at  which  failure  occurred  in  more- 
complicated  CMOS  parts  were  lower  at 
lower  dose  rates.  The  underlying  physical 
cause  of  this  premature-failure  phenome- 
non remains  unknown,  but  the  data  ac- 
cumulated in  these  experiments  may  be 
useful  in  future  studies  directed  toward 
identification  of  the  cause.  The  SGS  4007 
circuit  was  considered  appropriate  for  such 
an  investigation  because  it  is  constructed 
simply  and  all  of  the  sources,  gates,  and 
drains  of  its  transistors  are  readily  accessi- 
ble; consequently,  it  lends  itself  readily  to 
the  acquisition  and  interpretation  of  data. 

The  specimens  were  25  ordinary  com- 
mercial (that  is,  not  "radiation-hardened") 


SGS  4007  circuits.  Typical  operating  volt- 
ages were  applied,  and  the  drain-to-source 
current,  /  ,  as  a  function  of  the  drain-to- 
source  voltage,  v '  was  measured  on 
each  of  the  six  transistors  in  each  speci- 
men. Seventeen  specimens  were  irradiat- 
ed to  failure:  four  by  ^^Co  at  a  dose  rate 
of  20  rad(Siys,  four  by  6QCo  at  0.50  rad(Siys, 
three  by  60Co  at  0.14  rad(Si)/s,  three  by 
137Cs  at  0.21  rad(Si)/s,  and  three  at  0.010 
rad(Si)/s.  Malfunctions  in  the  experiment- 
al apparatus  prevented  the  collection  of 
data  on  the  remaining  eight  specimens. 
A  specimen  was  deemed  to  fail  when  the 
average  /  or  the  average  threshold  V 
of  the  transistors  in  that  specimen  exceed- 
ed the  level  specified  by  the  manufacturer 
or  by  the  laboratory. 

The  investigators  conclude  that  the 
measurements  taken  in  these  experiments 
confirm  the  previous  observations  of  pre- 
mature failure  at  low  dose  rates.  The  in- 
vestigators describe  a  method,  reported 


in  a  previous  article  in  NASA  Tech  Briefs, 
for  using  the  measurements  to  determine 
approximately  the  dose  rate  at  which  an 
integrated  circuit  can  be  expected  to  fail 
first,  without  having  to  test  the  device  to 
failure.  To  recapitulate  briefly,  this  method 
involves  plotting  a  current  or  other  parame- 
ter that  increases  with  dose  versus  the 
dose  rate.  The  plot  should  indicate  clearly 
the  dose  rate  at  which  the  device  is  most 
sensitive  to  radiation  and  will  fail  first.  The 
report  concludes  with  some  suggestions 
for  designs  that  would  reduce  the  vulner- 
ability of  CMOS  integrated  circuits  to  pre- 
mature failure  and  with  recommendations 
for  more  studies  of  premature  failure  at  low 
and  intermediate  dose  rates. 

This  work  was  done  by  Charles  A. 
Goben  and  William  E.  Price  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Premature  Failure  at  Low  Dose  Rates 
in  SGS  4007  CMOS  Devices. " 
NPO-17867/TN 
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Frequency-Tracking-Error  Detector 

A  circuit  compares  the  average  periods  of  two  signals. 


A  frequency-tracking-error  detector  com- 
pares the  average  period  of  the  output  sig- 
nal from  a  band-pass  tracking  filter  with  the 
average  period  of  the  signal  of  frequency 
100  f0  that  controls  the  center  frequency  f0 
of  the  tracking  filter.  The  frequency-track- 
ing-error detector  is  part  of  a  system  of 
electronic  equipment  used  to  measure  vi- 
brations in  bearings  in  rotating  machinery. 

In  this  system,  measurements  of  the 
speed  of  rotation  of  a  shaft  and  estimates 
of  the  ratio  between  the  speed  of  rotation 
of  a  bearing  cage  and  the  speed  of  rotation 
of  the  shaft  that  turns  in  the  bearing  are 
used  to  set  f0  at  a  harmonic  of  the  frequen- 
cy of  rotation  of  the  bearing  cage.  The  fre- 
quency-tracking-error detector  is  needed 
because  the  ratio  between  the  speeds  is 
not  constant,  and  yet  it  is  necessary  to 
keep  the  frequency-tracking  error  as  close 
to  zero  as  possible  to  maximize  the  ac- 
curacy and  reliability  of  measurements. 
The  output  of  the  frequency-tracking  error 
detector  is  used  as  an  error  signal  to  tune  f0 
manually  or  automatically  to  the  desired 
bearing-cage  harmonic.  In  effect,  it  gives  a 
continous  measurement  of  the  ratio  be- 
tween the  speeds. 

A  signal  from  a  bearing  sensor  is  ampli- 
fied and  passed  through  the  tracking  band- 
pass filter  in  question  (see  figure).  The  output 
of  the  filter  is  passed  through  a  zero-cross- 
ing detector.  The  output  of  the  zero-cross- 


'  Amplifier 


T 

Tracking 

Band-Pass 

Filter 

l__ 

Zero-Crossing 
Detector 

Delay 
Logic 

Counter 
+  8 

One-Shot 

|     .100     | 

1, 

From 

100fo     ' 

, 

Circuitry 

Clear   1 1 

\ '   Clock 

Counter 

Register 

Dlgltal-to-Analog 
Convener 

In 

1 

Digits 
,  Output 

Analog  dc 
Output     , 

To  Indicator  and/or 
Frequency-Control  Circuitry 


The  Frequency-Tracking-Error  Detector  measures  the  difference  between  fc  and  the  fre- 
quency of  one  of  the  periodic  components  in  the  output  of  the  bearing  sensor.  The  bearing  sensor 
could  be  an  accelerometer,  strain  gauge,  or  deflectometer  mounted  on  the  bearing  housing. 


ing  detector  is  passed  through  a  delay 
logic  circuit  that  recognizes  a  zero  cross- 
ing only  when  it  appears  to  be  stable  during 
at  least  16  cycles  of  100  f0.  Two  counters 
measure  100  cycles  of  100  f0  for  every  8 
filter-output  cycles.  The  result  is  stored  in  a 
register  and  converted  to  a  dc  signal  that 
can  be  used  as  an  error  or  control  signal. 
A  value  of  800  in  the  register  indicates 
zero  tracking  error;  a  greater  or  lesser 


value  indicates  that  the  tracking-control 
frequency  100  f0  is  too  high  or  too  low,  re- 
spectively. The  deviation  from  800  can  be 
used  to  correct  100  f0  and  the  estimate  of 
the  ratio  between  the  speeds. 

This  work  was  done  by  Richard  L 
Randall  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
MFS-29538/TN 
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General-Purpose  Serial  Interface  for  Remote  Control 

A  computer  controls  a  remote  television  camera. 


A  general-purpose  controller  has  been 
developed  to  serve  as  an  interface  be- 
tween a  host  computer  and  the  pan/tilt/ 
zoom/focus  functions  on  a  series  of  auto- 
mated video  cameras.  The  interface  port  is 
based  on  an  8251  programmable  com- 
munications-interface circuit  configured 
for  tristated  outputs,  and  it  connects  the 
controller  system  to  any  host  computer 
with  an  RS-232  input/output  (I/O)  port.  The 
controller  accepts  byte-coded  data  from 
the  host,  compares  them  with  prestored 
codes  in  read-only  memory  (ROM),  and 
closes  or  opens  the  appropriate  switches. 

The  system  comprises  a  central  proc- 
essing unit  (CPU),  a  universal  synchronous 
or  asynchronous  receiver  and  transmitter 
(USART),  and  the  output  ports  (Figure  1). 
The  CPU  and  interface  port  carry  out  the 
decoding  and  transfer  of  data  between  the 
host  computer  and  the  output  ports.  The 
CPU  is  based  on  an  8085  8-bit  microproc- 
essor with  a  bidirectional  data  bus. 

The  memory  system  consists  of  16K  of 
ROM  with  a  simple  address-decoding 
mechanism  for  memory  mapping  the  I/O 
subsystem.  This  addressing  mechanism 
consists  of  an  8205  1of-8  binary  decoder 
that  generates  eight  chip-enable  signals 
corresponding  to  eight  preset  memory  ad- 
dresses. Six  of  the  chip-enable  signals 
select  an  8212  8-bit  I/O  port,  providing  the 
capability  for  a  maximum  of  48  switch 
closures.  The  outputs  are  tied  to  dual-in- 
line-packaged single-pole,  double-throw 
reed  relays  to  enable  the  user  to  strap 
them  for  various  voltage  levels  and  normal- 
ly closed  or  normally  open  operation,  as  re- 
quired by  the  device  to  be  operated. 

The  original  application  required  the 
configuration  of  the  8212  I/O  chips  and  as- 
sociated reed  relays  to  control  the  pan,  tilt, 
zoom,  and  focus  functions  of  up  to  six  auto- 
mated video  cameras.  The  controller  was 
then  connected  via  an  RS-232  interface  to 
a  host  computer,  which  incorporated  a 
voice-recognition  system  to  enable  the 
control  of  the  remote  video  cameras  by  the 
operator's  voice  (Figure  2).  The  addition  of 
an  analog-to-digital  converter  would  ena- 
ble information  on  the  position  of  the 


Figure  1 .  Six  Output 
Ports  control  the 
opening  and  closing 
of  as  many  as  48 
switches. 

Figure  2.  An  Opera- 
tor Controls  a  Re- 
mote Television 
Camera  by  speaking 
commands,  in  a  sys- 
tem that  includes  the 
general-purpose 
controller. 
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ORIGINAL  VOICE  CONTROL 
EXPERIMENTS  USED 

SIMULATED  FIELD  OF  VIEW 

OF  CAMERA  AND 

SIMULATED  TARGET 


NEW  MICROPROCESSOR-BASED  INTERFACE  LINKS 


COMPUTER-BASED 
VOICE  RECOGNITION  SYSTEM 


WITH  AUTOMATED  VIDEO  CAMERA 


1 


Experiments  Addressed  Issues 
o(  Human  Factors  ot  Voice  Control 

•  Primary  Emphasis  Is  on  Comand 
Syntax 

•  Results  Could  be  Affected 
by  Fidelity  of  Simulation 


Interlace  to  Actual  Camera 
Will  Enable  Comparative 
Evaluation  With  Additional 
Issues 

•  Realistic  Time  Lags 

•  Targets  Outside  Field  of 
View  of  Camera 

•  Integration  of  Control 
Display  With  View 
Through  Camera 


camera  to  be  relayed  back  to  the  host 
computer. 

This  work  was  done  by  Anthony  M. 
Busquets  and  Lawrence  E.  Gupton  of 
Langley  Research  Center.  No  further 
documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel, 
Langley    Research    Center.    Refer    to 


LAR-13739/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Imaging  Antenna  Structure  for  Submillimeter  Wavelengths 

Integrated-circuit  technology  is  applied  to  obtain  a  two-dimensional  array. 


An  integrated-circuit  antenna  structure 
contains  a  two-dimensional  array  of  anten- 
nas and  antenna  reflectors.  When  operat- 
ing in  the  receiving  mode,  each  antenna 
acts  as  part  of  the  detector  for  one  picture 
element  in  a  millimeter-  or  submillimeter- 
wavelength  imaging  radar  system  (see 
Figure  1).  A  millimeter-wave  imaging 
system  can  be  used  to  view  objects 
through  fog,  smoke,  or  smog  with  resolu- 
tion intermediate  between  that  of  micro- 
wave and  visible-light  imaging  systems. 

Each  element  of  the  array  includes  a 
reflecting  pyramidal  horn  and  a  dipole 
antenna  suspended  on  a  membrane  in  the 
horn  (see  Figure  2).  The  pyramidal  holes 
for  the  horns  are  made  by  anisotropic  etch- 
ing along  the  <  111  >  crystal  planes  of  the 
front  and  back  silicon  substrates.  The  re- 
flecting surfaces  are  made  by  depositing 
gold  or  other  suitable  metal  on  the  sides  of 
Ihe  pyramidal  holes. 

f  The  membrane  is  a  layer  of  silicon  ni- 
tride or  other  suitable  material  that  is  trans- 
parent at  the  millimeter  or  submillimeter 
wavelength  of  interest.  About  1  i*m  thick,  it 
is  made  by  depositing  the  membrane  ma- 
terial on  the  back  side  of  the  front  silicon 
substrate  before  etching  the  horns.  Por- 
tions of  the  membrane  layer  between  the 
pyramidal  cavities  and  around  the  edges  of 
the  front  substrate  are  etched  away  to 
make  room  for  detecting  and  processing 
electronic  circuitry. 

The  antennas  are  either  mounted  or  fab- 
ricated lithographically  on  the  back  side  of 
the  membrane.  Thus,  the  antennas  can  ra- 
diate as  though  they  were  suspended  in 
free  space  within  the  horns,  unencum- 
bered by  auxiliary  supporting  structures. 
Electrical  contact  to  the  antennas  and  proc- 
essing electronics  is  made  via  bonding 
pads  around  the  edge  of  the  back  side  of 
the  front  substrate.  After  fabrication  of  the 
antennas,  circuitry,  and  reflecting  pyramid- 
al surfaces,  the  front  and  back  substrates 
are  fastened  together  by  conventional 
means  such  as  epoxy. 

The  new  integrated-circuit  design  is  a 
relatively  inexpensive  way  to  provide  the 
large  number  of  small  antenna  elements 

freauired  for  imaging,  all  mounted  rigidly  in 
ay  that  does  not  degrade  operation, 
reflectors  increase  the  efficiency  of 
collection  of  incident  radiation,  making  it 


Imaging 
'  Antenna 
Array 
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Spaces  lor  Detecting 
and  Processing  Electronics 


Figure  2  The  Antenna  Elements,  Supports, 

and  Reflectors  are  made  by  integrated-circuit 
techniques.  The  structures  are  fabricated  on 
the  front  and  back  substrates  separately.  The 
substrates  are  then  joined. 

unnecessary  to  increase  the  density  of 
antenna  elements  for  this  purpose.  (Plac- 
ing the  antenna  elements  too  close  to  each 
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Figure  1.  The  Antenna 
Structure  is  placed  in 
the  focal  plane  of  a  milli- 
meter-or  submillimeter- 
wave  imaging  system. 
The  antennas  and  as- 
sociated circuitry  in  the 
structure  are  the  detec- 
tors for  the  picture  ele- 
ments of  the  imaging 
system. 


other  could  result  in  undesirable  elec- 
tromagnetic coupling  between  elements 
and  limit  the  space  available  for  intercon- 
nections and  other  circuitry.) 

This  work  was  done  by  G.  Rebeiz  and 
D.  Rutledge  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
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Jet  Propulsion  Lab. 
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Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
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Monolithic  Optoelectronic  Integrated  Circuit 

Input  data  at  rates  up  to  1  Gb/s  are  demultiplexed  to  16  outputs. 


A  monolithic  optoelectronic  integrated 
circuit  (OEIC)  receives  a  single  digitally 
modulated  input  light  signal  via  an  optical 
fiber  and  converts  it  into  a  1 6-channel  elec- 
trical output  signal.  The  OEIC  (see  figure)  is 
potentially  useful  in  any  system  in  which 
digital  data  must  be  transmitted  serially  at 
high  rates,  then  decoded  into  and  used  in 
parallel  format  at  the  destination.  Exam- 
ples of  applications  include  the  transmis- 
sion and  decoding  of  control  signals  to 
phase  shifters  in  phased-array  antennas 
and  also  the  communication  of  data  be- 
tween computers  and  peripheral  equip- 
ment in  local-area  networks. 

All  of  the  electronic  functions  of  the 
OEIC  are  performed  by  components  that 
are  monolithically  integrated  on  a  GaAs 
substrate.  The  input  optical  fiber,  which  has 
a  core  of  50  fjm  in  diameter,  is  mounted  in 
a  ceramic  V-groove  block.  The  end  of  the 
fiber  is  beveled  to  couple  the  signal  into  a 
photodetector,  which  converts  the  input 
optical  signal  into  an  electrical  signal  of 
identical  format.  This  signal  is  fed  to  a 
three-stage  amplifier. 

The  input  signal  is  in  the  form  of  sequen- 
tial 16-bit  words.  The  amplified  input  signal 
is  fed  to  a  1:16  demultiplexer  (decoder), 
which  assigns  parts  of  the  stream  of  data 
to  each  of  the  16  parallel  output  channels 
according  to  a  code  contained  in  the  input 
signal. 

The  OEIC  contains  a  total  of  2,000  tran- 
sistors. It  is  sealed  in  a  package  0.5  in. 
(12.7  mm)  wide  and  1  in.  (25.4  mm)  long.  It 
consumes  150  mW  of  power.  In  compari- 
son with  similar  demultiplexers  made  by  as- 
sembling hybrid  or  discrete  components, 
this  unit  has  about  one-fifth  the  size,  one- 
tenth  the  power  consumption,  and  two-fifths 
the  weight.  In  addition,  the  new  unit  can  be 
integrated  monolithically  with  other  GaAs 
devices. 

This  work  was  done  by  Kul  B.  Bhasin  of 
Lewis  Research  Center  and  Wayne 
Walters,  Jerry  Gustafsen,  and  Mark  Bendett 
of  Honeywell,  Inc.  No  further  documenta- 
tion is  available. 
LEW-14922/TN 
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The  Monolithic  Optoelectronic  Integrated  Circuit  is  a  compact  unit  that  converts  a  serial  in- 
put light  signal  from  an  optical  fiber  into  16  parallel  electrical  output  signals. 
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Improved  Photovoltaic-Driven  Quantum  Light  Modulator 

Additional  features  would  increase  sensitivity  and  utility. 


Modifications  are  proposed  to  improve 
the  device  described  in  "Photovoltaic- 
Driven  Multiple-Quantum-Well  Modulator" 
(NPO-16914)  and  "Strain-Layer-Superlat- 
tice  Light  Modulator"  (NPO-16915),  NASA 
Tech  Briefs,  Vol.  13,  No.  5,  pages  42  and 
51.  The  modified  device  is  a  photovoltaic- 
driven  multiple-quantum-well  light  modu- 
lator similar  to  the  one  described  previous- 
ly, but  with  added  features  to  increase  its 
sensitivity  and  its  utility  as  a  spatial  light 
modulator. 

As  shown  in  Figure  1,  antireflection 
coating  is  applied  to  the  front  surface,  and 
a  reflective  metal  layer,  to  the  back  sur- 
face. These  layers  provide  for  two  passes 
of  the  read  signal  (the  signal  to  be  modu- 
lated), thus  doubling  the  effective  modula- 
tion depth.  Alternatively  the  device  could 
be  fabricated  into  an  etalon  structure  for 
multiple  passes  of  the  read  signal  and  a  f  u  r- 
ther  increase  in  the  modulation  depth. 
Also,  as  shown  in  Figure  1,  grooves  could 
be  etched  to  divide  the  device  into  an  array 
of  picture  elements.  Each  element  could 
be  made  in  the  desired  size  (e.g.,  10  ptfn 
square)  for  use  in  a  large-array  spatial  light 
modulator. 

The  modified  device  exploits  the  quan- 
tum well  equivalant  of  the  Moss-Burnstein 
shift,  denoted  by  A£  in  Figure  2.  This  is  a 
shift  in  the  energy  of  the  quantum-well  ab- 
sorption edge  caused  by  the  filling  of  two- 
dimensional  quantum  states  in  the  multiple 
quantum  wells,  and  which  results  in  high 
modulation  sensitivity  in  the  quantum 
wells.  This  shift  is  given  by 

A£  =  h2ns/nm* 
where  h  is  Planck's  constant,  ns  is  the  num- 
ber of  occupied  two-dimensional  quantum 
states  per  unit  area,  and  m*  is  the  effective 
electron  mass  in  the  InAs  or  InGaAs.  The 
term  ns  is  related  to  the  electric  field,  Fs,  at 
the  boundaries  of  the  quantum  well  through 
Gauss's  law;  namely,  Fs  =  ensk,  where  e 
is  the  electrical  charge  and  £  is  the  electri- 
cal permittivity  of  the  material. 

The  interleaved  negatively-doped  GaAs 
layers  provide  the  electrons  and  the  space- 
charge  barriers  that  separate  the  elec- 
tron/hole pairs  generated  by  the  writing 
(modulating)  light  beam  of  photon  energy 
greater  than  the  semiconductor  energy- 
band  gap  (E„)  of  GaAs  for  strong  absorp- 
tion (or  greater  than  the  quantum  well  ab- 
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Figure  1.  The  Improved  Photovoltaic-Driven  Multiple-Quantum-Well  Light  Modulator  re- 
sembles prior  devices  of  this  general  type  but  includes  an  active  region  that  uses  quantum 
state  filling  and  a  more  optimum  structure. 


(inGa)As 

Figure  2.  The  Band  Structures  of  the  Quantum  Wells  and  Barriers  are  shown  schematically 
as  a  function  of  depth  to  illustrate  the  principle  of  quantum  state  filing  due  to 
photogenerated  carriers. 


sorption  edge  for  weaker  absorption).  The 
photo  holes  drift  to  the  quantum  wells  and 
recombine  there  with  electrons,  thereby 
depleting  ns  by  an  amount  Ans  that 
depends  on  the  flux  of  photons.  In  turn,  Ans 
causes  a  change  in  A£,  thus  shifting  the 
quantum-well  absorption  edge.  A  read 
signal  with  photon  energy  just  below  the  in- 


itial absorption  edge  is  modulated  by  this 
shift.  The  effect  in  this  device  is  expected  to 
be  about  10  times  as  large  as  in  the 
AIGaAs/GaAs  multipie-quantum-well  struc- 
tures that  operate  according  to  the 
quantum-confined  Stark  effect  previously 
described. 
This    work   was    done   by   Joseph 
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Multi-Pinned-Phase  Charge-Coupled  Device 

A  new  technology  reduces  dark-current  generation  in  charge-coupled  devices. 


A  new  technique,  called  multi-pinned- 
phase  (MPP)  technology  allows  a  charge- 
coupled  device  (CCD)  to  operate  totally  in- 
verted during  both  integration  and  readout 
while  maintaining  other  performance  char- 
acteristics. For  CCD  imagers  there  are  three 
main  sources  of  dark  current:  (1)  thermal 
generation  and  diffusion  in  the  neutral  bulk, 
(2)  thermal  generation  in  the  depletion  region, 
and  (3)  thermal  generation  due  to  surface 
states  at  the  Si/Si02  interface.  Of  these 
sources,  the  contribution  from  the  surface 
states  is  the  dominant  factor  for  multiphase 
OCD's.  Dark-current  generation  at  this  inter- 
face depends  on  two  factors:  (1)  the  density 
of  interface  states,  and  (2)  the  density  of  free 
carriers  (holes  or  electrons)  that  populate  the 
interface. 

Electrons  that  thermally  "hop"  from  the 
valence  band  to  an  interface  state  (some- 
times referred  to  as  a  midband  state)  and  to 
the  conduction  band  produce  a  dark-current 
electron-hole  pair.  The  presence  of  free  car- 
riers will  fill  the  interface  states,  inhibiting  the 
hopping  conduction  process  and  in  turn  sub- 
stantially reducing  dark  current  to  the  bulk 
dark  level. 

Conventional  CCD  operation  depletes  the 
signal  channel  and  interface  of  free  carriers, 
maximizing  dark-current  generation.  Under 
depleted  conditions,  dark  current  is  deter- 
mined by  the  quality  of  the  Si/Si02  interface 
or  the  density  of  midband  states,  which  varies 
widely  among  CCD  manufacturers. 

Channel  inversion  is  easily  promoted  for  a 
CCD  by  biasing  the  array  clocks  sufficiently 
negative  to  invert  the  n-buried  channel  and 
"pin"  the  surface  potential  beneath  each 
phase  to  substrate  potential  (hence  the  name 
multi-pinned-phase).  Biasing  the  array  clocks 
in  this  manner  causes  holes  from  the  p  + 
channel  stops  to  migrate  and  populate  the 
Si/Si02  interface,  eliminating  surface  dark- 
current  generation.  Unfortunately  when  con- 
ventional CCD's  are  inverted,  the  full  well 
capacity  of  the  sensor  is  destroyed  because 
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the  potential  wells  within  a  pixel  all  assume 
the  same  level.  This  condition  results  in 
severe  blooming  up  and  down  the  signal- 
carrying  channel  because  there  is  no  prefer- 
ential potential  well  for  charge  to  collect.  To 
circumvent  this  difficulty,  in  MPP  CCD  tech- 
nology, a  weak  implant  is  employed  beneath 
one  or  more  phases  during  the  fabrication  of 
the  sensor.  The  extra  dopant  creates  a  poten- 
tial difference  between  phases,  allowing 
charge  to  accumulate  in  collecting  sites 
when  biased  into  inversion  (see  Figure  1). 

Other  advantages  of  the  MPP  CCD  In- 
clude complete  elimination  of  residual  image 
effects  during  integration  and  readout,  low 
pixel  nonuniformity,  and  an  increase  in  quan- 
tum efficiency  in  the  near  infrared  because 
higher  operating  temperatures  can  be  used. 
Also,  MPP  CCD's  are  more  tolerant  to  ioniz- 
ing radiation  environments.  For  example, 
Figure  2  shows  dark  levels  measured  under 
inverted  and  noninverted  conditions  before 
and  after  the  sensor  was  exposed  to  20  kilo- 
rads  of  Co-60  (a  source  of  1.2-MeV  gamma 
rays).  The  difference  in  dark-rate  generation 
after  radiation  is  over  three  orders  of 
magnitude  between  the  two  operating 
modes,  demonstrating  the  power  of  MPP  op- 
eration in  a  radiation  environment. 

This  work  was  done  by  James  R. 
Janesick  of  Caltech  for  NASA's  Jet  Pro- 


Figure  1.  The  MPP- 
CCD  is  made  with 
positive  doping  (in  this 
case,  boron)  implants 
that  define  barrier 
phases.  When  all 
phases  are  biased  to- 
gether into  inversion, 
dark  current  is  re- 
duced, and  the  poten- 
tial of  the  charge-col- 
lecting wells  is  the  dif- 
ference between  the 
potentials  of  the  barrier 
and  collection  phases. 
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Figure  2.  Dark-Cur- 
rent Generation  as  a 

function  of  temperature 
of  a  Ford  MPP-CCD. 
The  dark  current  is 
more  than  three  orders 
of  magnitude  greater 
for  the  noninverted 
condition  than  for  the 
inverted  state  after  the 
sensor  was  subjected 
to  20  kilorads  of  Co-60 
radiation.  The  finite 
dark-current  increase 
for  MPP-operation  (a 
factor  of  2)  is  due  to 
radiation  damage  in  the 
bulk. 
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Processor  Would  Find  Best  Paths  on  Map 

The  path  from  an  origin  to  any  destination  would  have  the  lowest  possible  cost. 


A  proposed  very-large-scale  integrated 
(VLSI)  circuit  image-data  processor  would 
find  the  path  of  least  cost  from  a  specified 
origin  to  any  destination  on  a  map.  The 
least-cost-path  problem  occurs  in  research, 
in  military  maneuvers  (e.g.,  finding  the  best 
path  across  terrain),  and  in  planning  the 
routes  of  vehicles. 

A  cost  would  be  assigned  to  the  travers- 
al of  each  picture  element  of  the  map. 
Each  picture  element  would  be  represent- 
ed by  a  microprocessor  (which  could  be 
analog  or  partly  analog  and  partly  digital) 
connected  to  the  microprocessors  of  the 
four  nearest-neighbor  picture  elements. 
One  picture  element  would  be  designated 
as  the  origin;  its  microprocessor  would 
send  out  a  constant  maximum  signal  to  its 
nearest  neighbors  (see  Figure  1). 

The  microprocessor  of  every  other  pic- 
ture element  would  take  whichever  of  the 
signals  from  its  nearest  neighbors  is  the 
maximum  one,  scale  it  down  according  to 
the  cost  assigned  to  that  picture  element, 
and  transmit  the  resulting  signal  to  its 
nearest  neighbors.  Thus,  a  wavefront  of 
processing  would  ripple  out  from  the  origin 
as  signals  are  modified  and  transmitted 
from  element  to  element.  After  the  system 
settled  down,  the  level  of  the  signal  at  each 
picture  element  would  correspond  to  the 
total  cost  of  the  best  (lowest  cost)  path 
from  the  origin  to  that  element. 

To  identify  the  best  path  after  this  wave 
of  processing,  it  would  be  necessary  to 
backtrack  from  the  destination  to  the 
origin.  This  could  be  done  by  polling  the 
destination  microprocessor  to  determine 
from  which  neighboring  microprocessor  it 
is  receiving  the  maximum  (best  path)  input. 
The  polling  procedure  would  be  repeated 
recursively  until  the  best  path  is  traced 
back  to  the  origin. 

The  operation  of  each  picture-element 
microprocessor  is  shown  in  more  detail  in 
Figure  2.  The  circuit  would  include  a  maxi- 
mum circuit,  a  scaling  circuit,  a  cost  mem- 
ory, and  digital  pixel-processor  interface 
circuitry.  The  maximum  circuit  would  take 
the  signals  from  the  north,  south,  east,  and 
west  neighbors  and  determine  which  is  the 
maximum.  The  circuit  would  also  deter- 
mine the  direction  from  which  the  max- 
imum signal  comes,  as  required  for  the 
backtracking  operation. 

The  scaling  circuit  would  reduce  the 
signal  by  some  function  of  the  cost  pro- 
grammed into  the  cost  memory.  Scaling 
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Figure  1.  A  Cost  of  Traversal  is  assigned  to  each  picture  element  of  a  map.  The  path  of  least 
cost  from  the  originating  picture  element  to  every  other  picture  element  is  computed  as  the 
path  that  preserves  as  much  as  possible  of  the  signal  transmitted  by  the  originating  picture 
element. 
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Figure  2.  The  Dedicated  Microprocessor  at  each  picture  element  stores  the  cost  of  traversal 
and  performs  its  share  of  the  computations  of  the  paths  of  least  cost. 


would  be  performed  in  such  a  way  that  a 
circuit  with  low  cost  of  traversal  would  not 
significantly  attenuate  the  path-cost  signal 
propagated  through  it.  Scaling  could  be 
multiplicative  or  additive,  depending  on  the 
desired  cost  function.  The  resulting  signal 
would  be  routed  to  all  four  neighbors. 

The  costs  could  be  programmed  in  sev- 
eral ways.  It  may  be  desirable  to  optically 
project  the  map  onto  the  VLSI  chip:  costs 
would  be  encoded  as  light  intensity  and 
detected  by  photosensors.  Costs  could 
also  be  programmed  element  by  element; 
for  example,  using  capacitors  to  store 


voltages  corresponding  to  the  costs.  These 
voltages  could  be  periodically  refreshed  by 
use  of  external  random-access  memory 
and  a  digital-to-analog  converter. 

This  work  was  done  by  Silvio  P.  Eberhardt 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL. 
Refer  to  NPO-17716/TN. 
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Nonvolatile  Ionic  Two-Terminal  Memory  Device 

A  proposed  device  would  be  electrically  programmable  and  erasable. 


A  conceptual  solid-state  memory  device 
would  be  nonvolatile  and  erasable  and 
would  have  only  two  terminals  instead  of 
the  usual  three.  The  proposed  device  is 
based  on  two  effects:  thermal  phase  tran- 
sition and  reversible  intercalation  of  ions. 

Devices  of  this  type  would  be  usable  in 
digital  computers  and  neural-network  com- 
puters, much  as  random-access  memories 
are  used  today.  In  neural  networks,  many 
small,  densely  packed  switches  would 
function  as  erasable,  nonvolatile  synaptic 
elements. 

A  single  switching  element  would  con- 
sist of  electrical  terminals  separated  by 
two  parallel  conduction  paths  —  one 
through  corrosion-resistant  metal,  a  resis- 
tor, and  an  electrical  switching  element; 
the  other  through  a  thermal  switching  ele- 
ment, corrosion-resistant  metal,  an  ion 
source,  and  an  ionic  conductor  connected 
to  the  electrical  switching  element  of  TiOg, 
V205,  or  W03  (see  figure).  The  electrical 
conductance  of  the  electrical  switching 
element  would  depend  on  the  degree  of  its 
intercalation  —  that  is,  the  extent  to  which 
sodium  is  combined  chemically  with  the 
refractory-metal  oxide.  The  conductance 
of  the  thermal  switch  would  depend  on  its 
temperature;  it  would  be  made  of  one  or 
more  vanadium  oxide(s)  or  organic  semi- 
conductors), which  undergo  a  change  in 
phase  to  a  state  of  high  conductivity  when 
heated  above  room  temperature. 

When  the  device  is  in  an  initial  low-con- 
ductance, quiescent  state,  the  terminals 
should  be  nearly  electrically  isolated  from 
each  other  because  the  electrical  switch 
would  not  be  intercalated  and,  therefore, 
would  be  only  slightly  conductive.  Similarly, 
inasmuch  as  the  thermal  switch  would  be 
cool  and  in  its  low-conductance  (off)  state, 
little  current  would  enter  the  source  of  ions, 
so  it,  too,  would  be  "off,"  and  only  a  slight 
leakage  current  would  leave  it. 

However,  when  a  sufficiently  large  posi- 
tive voltage  is  applied  to  the  terminals,  a 
small  current  should  enter  the  thermal 
switch,  enough  to  heat  it  to  its  high-con- 
ductance "on"  state.  Current  from  the 
thermal  switch  would  then  stimulate  a  flow 
of  sodium  ions  through  the  ion  conductor 


The  Transfer  of  Sodium  Ions  between  the  source  of  ions  and  the  electrical  switching  ele- 
ment would  increase  or  decrease  the  electrical  conductance  of  that  element,  thus  turning 
the  switch  "on"  or  "off." 


into  the  electrical  switching  element.  (The 
source  of  ions  would  be  a  highly  interca- 
lated material  like  NaTi02or  NaW03:  elec- 
tron current  causes  such  materials  to  give 
off  their  sodium  ions.)  Enriched  by  the  sodi- 
um ions,  the  electrical  switching  element 
would  become  highly  conductive  (turn 
"on")  and  connect  both  terminals  through 
the  resistor. 

The  high  voltage  on  the  terminals  would 
thus  have  written  a  "one"  or  "zero"  in  the 
device.  Removal  of  the  writing  voltage 
would  not  erase  the  memory.  Even  though 
the  thermal  switch  would  return  to  its  low- 
conductance  state  and  the  source  of  ions 
would  no  longer  donate  ions,  the  electrical 
switching  element  would  have  been  inter- 
calated with  enough  sodium  ions  to  keep  it 
highly  conductive.  The  memory  would  thus 
be  nonvolatile;  the  device  would  continue 
to  store  information  even  when  power  is 
removed. 

The  information  would  be  read  by  apply- 
ing a  voltage  lower  than  the  writing  voltage 
but  of  the  same  polarity.  If  the  electrical 
switching  element  were  "on,"  a  significant 
current  —  limited  by  the  resistor  —  would 
pass  through  it.  If  the  electrical  switching 
element  were  "off,"  only  leakage  current 
would  pass. 

The  information  would  be  erased  by  ap- 
plying a  voltage  larger  than  the  writing 
voltage  but  of  opposite  polarity.  Ionic  cur- 
rent would  pass  from  the  electrical  switch- 


ing element  through  the  ion  conductor  to 
the  source  of  ions.  Sodium  ions  would 
thereby  be  drained  from  the  electrical 
switching  element,  which  would  revert  to 
its  poorly  conducting  state  and  remain 
there  when  the  erasing  voltage  is  removed. 
This  work  was  done  by  Roger  M.  Williams 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL. 
Refer  to  NP0-17621/TN. 
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Recovering  Energy  From  a  Rapidly  Switched  Gate 

The  gate  capacitance  would  be  charged  and  discharged  efficiently. 


A  circuit  has  been  proposed  to  recover 
the  energy  usually  lost  in  charging  and  dis- 
charging the  internal  gate  capacitance  of  a 
field-effect  transistor  during  high-frequen- 
cy switching. 

The  scheme  includes  a  pulse-forming 
circuit  that  would  generate  a  rectangular 
waveform  with  zero-level  notches  near  the 
beginning  and  end  of  the  "on"  period.  An 
inductor  would  resonate  the  internal  gate 
capacitance  so  that  the  energy  could  be 
recovered  during  the  notches  (see  figure). 

Synchronized  by  a  conventional  gate- 
drive  signal  vjn,  the  pulse-forming  circuit 
would  drive  complementary  metal-oxide/ 
semiconductor  transistors  Q.,  and  Q2  to 
produce  the  notched  gate-drive  waveform 
vx  for  field-effect  transistor  Q3.  The  zero- 
level  notches  would  have  equal  durations 
AT;  the  notches  at  the  beginning  and  end  of 
the  "on"  period  would  be  preceded  and 
followed,  respectively,  by  rectangular  pulses 
also  of  duration  AT 

In  the  following  analysis,  the  effect  of 
resistance  in  the  gate  circuit  is  neglected. 
The  inductor  would  be  chosen  so  that  AT 
would  be  one-sixth  of  the  period  of  the 
series  resonance  between  the  inductor 
and  the  internal  gate  capacitance;  that  is, 
AT  =  (n/3)\/Ec,  where  L  =  the  induct- 
ance, and  C  =  the  capacitance.  During 
the  initial  turn-on  period  1,  vx  would  equal 
the  supply  voltage  Vcc,  causing  the  gate- 
drive  current  iL  in  the  inductor  to  rise  sinus- 
oidally,  as  during  the  first  60°  of  the  reso- 
nant cycle.  During  the  notch  interval  2,  vx 
would  be  zero,  causing  iL  to  decay  sinus- 
oidally,  as  during  the  period  of  120°  to  180° 
of  the  resonant  cycle.  At  the  end  of  interval 
2,  iL  would  be  zero;  that  is,  all  the  energy 
formerly  stored  in  L  would  then  be  stored  in 
C,  and  the  field-effect  transistor  would  be 
fully  turned  on,  with  gate  voltage  vg  =  Vcc. 

Near  the  end  of  the  "on"  period,  the  proc- 
ess would  be  reversed.  During  notch  inter- 
val 3,  C  would  begin  to  discharge  by  a  60° 
sinusoidal  growth  of  /L  in  the  opposite  direc- 
tion. The  final  pulse  of  vx  =  Vccduring  inter- 
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val  4  would  reverse  this  sinusoidal  growth, 
bringing  iL  back  to  zero.  Thus,  at  the  end  of 
the  "on"  period,  all  the  energy  previously 
stored  in  L  and  C  would  have  been  returned 
to  the  power  supply. 

This  work  was  done  by  Wally  E.  Rippelof 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  address- 


ed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17221/TN,  volume  and 
number  of  this  NASA  Tech  Briefs  issue, 
and  the  page  number. 
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Superlattice  Long-Wavelength  Infrared  Sensors 

A  superlattice  of  LaN  and  Si  could  detect  at  wavelengths  up  to  12  /iim. 


If  LaN  can  be  grown  epitaxially  on  sili- 
con, as  appears  likely,  the  sensitivity  of  sili- 
con-based photodetectors  could  be  ex- 
tended farther  into  the  infrared  wavelength 
region  with  high  quantum  detection  effi- 
ciency by  the  use  of  LaN/Si  superlattices 
(see  figures).  In  principle,  by  appropriate 
choice  of  the  thicknesses  of  layers,  the  ef- 
fective band-gap  energy  of  a  superlattice 
structure  could  be  set  to  any  desired  value 
between  that  of  the  band  gaps  of  the  two 
materials. 

The  effective  band  gap  determines  the 
long-wavelength  cutoff  of  the  detector; 
photons  of  energy  lower  than  the  band-gap 
energy  cannot  be  detected  because  they 
cannot  cause  photoexcitation  of  carriers 
across  the  gap.  The  band  gaps  of  LaN  (a 
semimetallic  compound)  and  silicon  are  0 
and  1.1  eV,  respectively.  As  a  practical  mat- 
ter, variations  in  thicknesses  of  the  layers 
will  set  some  lower  limit  to  the  achievable 
band  gap.  However,  gaps  as  small  as 
about  0.1  eV,  representing  a  cutoff  wave- 
length of  12  nm,  should  be  feasible.  In  con- 
trast, present  silicon-based  intrinsic  sen- 
sors cut  off  at  wavelengths  of  2  ^m  or  less. 

Infrared  detectors  made  of  HgTe/CdTe 
superlattices  have  been  proposed  previ- 
ously; there  has  been  considerable  work 
on  such  devices.  However,  it  is  extremely 
difficult  to  grow  such  materials  epitaxially 
on  silicon.  Compatibility  with  silicon  is  de- 
sirable for  image-array  applications  be- 
cause it  would  enable  the  integration  of 
closely  spaced  infrared  sensors  with 
charge-coupled-device  (CCD)  or  metal  ox- 
ide/semiconductor field-effect  transistor 
(MOSFET)  multiplexing  read-out  circuitry 
on  the  same  silicon  chip. 

Most  likely,  the  CCD's  or  MOSFET's 
would  be  fabricated  first,  leaving  windows 
of  bare  silicon  in  which  the  LaN/Si  superlat- 
tices would  be  grown  by  molecular-beam 
epitaxy,  the  low  growth  temperatures  of 
which  would  prevent  damage  to  the  CCD's 
or  MOSFET's.  Alternatively,  the  superlat- 
tices might  be  grown  first.  However,  the 
superlattices  might  not  survive  the  fabrica- 
tion of  the  CCD's  or  MOSFET's. 

LaN  might  be  deposited  in  a  molecular- 
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Figure  2.  This  LaN/SI  Superlattice  would  function  as  a  photodiode. 


beam-epitaxy  system  by  laser  ablation  of 
LaN  or  by  evaporation  of  pure  La  from  an 
electron-gun  source  or  an  effusion  oven  in 
the  presence  of  either  gaseous  nitrogen  or 
a  jet  of  atomic  nitrogen.  For  evaporation  of 
silicon  for  epitaxy  on  LaN,  an  electron-gun 
evaporator  could  be  used. 

Compounds  of  the  form  RN  (where  R  is 
a  rare  earth)  have  lattice  parameters 
smaller  than  those  of  silicon,  while  the  lat- 
tice parameters  of  RAs  and  RP  are  larger 
than  those  of  silicon.  All  of  these  com- 
pounds have  the  NaQ  crystalline  struc- 
ture. Although  it  would  be  possible  to  alloy 
these  materials  to  match  the  lattice  param- 
eter of  silicon  exactly,  it  may  not  be  neces- 


sary because  LaN  has  a  lattice  constant 
only  2.6  percent  smaller  than  that  of  sili- 
con. Thus,  it  may  be  possible  to  use  LaN 
without  alloying  it  with  LaAs  or  LaR  thereby 
avoiding  both  the  toxicity  of  As  and  P  and 
the  potential  problem  of  autodoping  of  the 
silicon  with  As  and  P.  On  the  other  hand, 
better  chemical  stability  may  be  possible 
with  compounds  other  than  LaN,  as  LaN  is 
somewhat  water  soluble. 

This  work  was  done  by  Robert  W. 
Fathauer  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17713/TN 
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Test  Processor  for  PCM  Telemetry 

The  user  can  display  telemetric  data  in  a  variety  of  formats. 


The  TDPIus  system  is  a  data-process- 
ing subsystem  designed  for  use  in  testing 
pulse-code-modulation  (PCM)  telemetry 
equipment.  It  can  accommodate  a  variety 
of  PCM  formats  (e.g.,  different  bit  rates) 
and  modes  of  display. 

The  TDPIus  system  (see  figure)  includes 
a  custom-built  set  of  four  circuit  cards  that 
plug  into  any  personal  computer  compati- 
ble with  the  Industry  Standard  Architecture 
(ISA)  bus.  Its  extensive  operating-system 
software  provides  for  "pop-down  windows" 
to  enable  the  user  to  edit,  examine,  and  dis- 
play telemetry  data  in  various  forms,  in- 
cluding binary,  hexadecimal,  decimal,  and 
engineering  units;  bar  charts;  and  elapsed- 
time  and  XY  formats.  This  software  is  writ- 
ten in  'C,  is  very  user-friendly,  and  enables 
anyone  who  has  basic  knowledge  of  telem- 
etry to  use  the  system  without  an  instruc- 
tion manual. 

The  TDPIus  system  can  handle  words  of 
any  size  from  4  to  16  bits,  and  up  to  8,192 
words  in  a  major  frame.  The  maximum 
data  rate  is  now  3.3  Mbits  per  second,  and 
a  new  prototype  board  to  handle  5.5  Mbits 
per  second  has  been  built. 

The  TDPIus  system  contains  32  digital- 
to-analog  converters  (DAC's),  two  16-bit 
parallel  output  ports,  a  cathode-ray-tube 
(CRT)  display,  a  keyboard,  a  floppy-disk 
drive,  and  the  software  to  generate,  edit, 


and  record  PCM  telemetry  data.  Optionally, 
a  PCM  bit  synchronizer,  a  PCM  simulator,  a 
real  time  display,  and  a  printer  can  be  in- 
cluded to  make  the  TDPIus  a  stand-alone 
PCM  decommutator  and  data-reduction 
system. 

The  memory  and  input/output  (I/O)  of  the 
TDPIus  are  allocated  such  that  there  is  no 
conflict  with  existing  memory  and  I/O  of 
standard  ISA  personal  computers.  The 
TDPIus  system  has  its  own  bus  in  addition 
to  the  computer  bus.  This  bus  enables  the 
distribution  of  incoming  data  to  the  set  of 
TDPIus  circuit  cards. 

The  frame-synchronizing  card  is  the  first 
card  in  the  TDPIus  system.  It  uses  very- 
large-scale-integration  (VLSI)  and  erasable 
programmable  logic  devices  (EPLD's)  to 
generate  all  synchronization  signals  (i.e., 
bit  clock,  frame  clock,  and  subframe 
clock).  It  also  provides  the  addresses  for 
the  parallel  telemetry  (TM)  data  matrix  lo- 
cated on  the  card  described  next. 

The  TM-memory/parallel-port  card  has 
two  major  functions:  it  writes  all  incoming 
data  to  a  dual-port,  eight-kiloword  random- 
access-memory  (RAM)  section  and  pro- 
vides tagged  data  to  be  sent  to  either  of  the 
two  16-bit  parallel  ports  or  32  digital-to-ana- 
log converters.  If  the  data  are  designated 
for  display,  access  to  them  is  gained  by  the 
computer  through  the  dual-port  RAM.  If  the 


incoming  data  are  tagged  to  be  sent  to 
either  of  the  parallel  ports,  they  are  picked 
from  the  stream  of  incoming  data  and  sent 
to  the  selected  port  in  real  time  for  further 
reduction  by  the  user.  If  the  incoming  data 
are  tagged  to  be  sent  to  one  of  the  32 
DAC's,  the  data,  along  with  the  selected 
DAC  address,  is  sent  to  the  card  described 
next. 

The  DAC-cont roller  card  decodes  the 
DAC  addresses  for  tagged  TM  data  and 
computer-generated  calibration  points. 
These  selected  data  are  sent  to  the  DAC 
card  (described  below)  to  be  converted  in- 
to an  analog  signal.  The  DAC's  can  have 
either  8-bit  or  12-bit  resolution. 

The  DAC  card  contains  32  voltage- 
mode  digital-to-analog  converters  with  out- 
put-buffer amplifiers  to  provide  drive  to  ex- 
ternal recording  devices.  Several  types  of 
DAC's  are  compatible  with  the  DAC  con- 
troller. These  range  from  a  unipolar  output 
to  a  selectable  bipolar  output.  All  DAC's 
are  monotonic  and  use  no  external  trim.  All 
output  amplifiers  are  internally  compen- 
sated to  provide  stable  operation  over  a 
wide  range  of  loads. 

This  work  was  done  by  David  Massey 
and  Brian  Corbin  of  Goddard  Space 
Flight  Center.  GSC-13291/TN 
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The  TDPIus  System  can  be  built  lor  about  a  tenth  ot  the  cost  of  a  currently  available  commercial  unit  ol  similar  capability. 
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New  Technology  from  the 
,  U.S.  Bureau  of  Reclamation 


U.S.  Department  of  the  Interior 


High-Voltage  DC  Microammeter 


The  Bureau  of  Reclamation  has 
developed  an  electrically  isolated  d-c 
microammeter  system  for  measuring 
small  bipolar  currents  which  are  as 
much  as  400  kilovolts  above  ground 
potential.  This  makes  it  suitable  for 
dielectric  (leakage  current  measure- 
ment) testing  of  high  voltage  insulated 
power  cables.  The  system  contains  a 
fiber-optic  transmitter  and  receiver. 
The  transmitter  converts  the  current  to 
be  measured  into  light  pulses  which 
are  coupled  via  a  fiber-optic  cable  to 
the  receiver  where  they  are  converted 
to  a  current.  This  current  can  be  read 
on  one  of  the  three  full  scale  ranges  of 
the  built-in  panel  meter  or  transcribed 
to  a  strip  chart  recorder  via  a  built-in 
recorder  output.  The  device  will 
measure  from  0.5  to  500  microamperes 
with  an  error  of  less  than  3  percent  of 


full  scale  for  the  built-in  meter,  and 
less  than  1  percent  of  reading  (plus  or 
minus  .1  microampere)  at  the  recorder 
output.  The  receiver  may  be  located 
up  to  400  meters  from  the  transmitter. 

The  system  is  not  patented  and  is 
available  to  interested  parties  for 
manufacture.  If  further  development 
is  required,  the  Bureau  of  Reclamation 
would  be  interested  in  a  cooperative 
research  and  development  agreement 
for  that  purpose. 

For  additional  information,  contact: 

Research  and  Laboratory  Services  Division 

U.S.  Bureau  of  Reclamation 

D-3700C 

P.O.  Box  25007 

Denver,  CO  80225 

(303)  236-4517 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Coaxial  Intrinsic  Impedance  Standards  Described 


Today's  automatic  network  analyzers  (ANAs)  have  resolutions  better  than  the  accuracy  of  the  coaxial  impedance 
standards  used  to  calibrate  them.  ANAs  are  used  to  measure  critical  performance  parameters  of  many  types  of 
microwave  systems  and  to  calibrate  secondary  standards  used  to  support  laboratory  instrumentation.  NIST  has 
published  a  technical  report  that  describes  how  microwave  impedance  standards  are  derived  from  basic 
dimensional  metrology,  how  they  are  constructed,  and  how  they  are  used  in  calibrating  coaxial  air-line  systems 
using  ANAs.  It  provides  the  first  selected  examples  of  how  impedance  measurement  uncertainties  depend  on  the 
effects  of  dimensional  (or  mechanical)  tolerances  for  14-mm,  7-mm,  and  3.5-mm  coaxial  devices. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  order  number:  PB90-155797NAC 

Price  code:  A03 


♦ 


( 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Electronic  Circuit  Breaker  for  Data  Collection 
Systems  Used  in  Mining 


Objective 

Provide  a  means  to  (1)  rapidly  disconnect  a  multifunc- 
tioning  signal  channel  from  a  multichannel  data  collection 
system,  (2)  protect  electronic  devices  from  damage  while 
causing  the  minimum  amount  of  data  collection  disrup- 
tion, and  (3)  operate  electronic  devices  under  gassy  mine 
conditions. 

Background 

Data  collection  system  instrumentation  and  cables  are 
often  located  in  hazardous  areas  of  underground  coal 
mines.  As  a  result,  frequent  damage  to  the  instrumen- 
tation cables  occurs  from  roof  falls,  heavy  equipment,  and 
the  relocation  of  air,  water,  and  power  lines.  A  similar 
problem  exists  in  surface  areas  where  cables  and  instru- 
mentation can  be  damaged  by  animals  and  by  vehicle 
traffic.    Without  a  circuit-breaking  feature,  the  damaged 


cables  could  cause  instrumentation  to  be  ruined,  cause 
power  supply  failure,  and  otherwise  disrupt  data  collection. 
In  some  situations  the  lack  of  a  circuit-breaking  feature 
might  cause  an  ignition  in  a  methane  atmosphere. 

Power  supply  and  power  line  fuses  or  breakers  are  an 
effective  means  of  protection.  However,  their  activation 
can  result  in  the  entire  data  collection  system  or  a  major 
portion  of  it  being  shut  down.  The  Bureau's  electronic 
circuit  breaker  is  simple  and  inexpensive  enough  to  allow 
each  signal  line  to  be  protected.  As  a  result,  only  the 
malfunctioning  portion  of  the  system  is  shut  down  and  the 
rest  of  the  system  can  continue  to  collect  data.  The 
Bureau  has  received  an  experimental  permit  to  use  this 
circuit  in  gassy  mines  and  tunnels. 

How  It  Works 

As  voltage  is  applied  to  the  circuit  shown  below,  relay 
K{  draws  current  and  is  energized.  The  40  V  dc  appears 


A  16-channel  version  of  an  electronic  circuit  breaker. 
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across  resistor  R2  and  the  silicon-controlled  rectifier 
(SCR).  Resistor  R2  reduces  the  voltage  to  approximately 
30  V  dc  at  the  output  at  nominal  current  draw.  The  SCR 
appears  as  an  open  circuit.  If  a  malfunction  occurs,  such 
as  a  damaged  or  cut  cable,  that  would  cause  a  short  cir- 
cuit or  an  excessive  amount  of  current  to  be  drawn  in  the 
power  line,  the  increase  in  current  will  produce  an  in- 
creasing voltage  drop  across  resistor  R3.  This  voltage  drop 
will  then  trigger  the  SCR.  The  current  would  then  take  a 
path  through  the  SCR,  shunting  the  current  from  the 
power  line  or  cable.  The  current  draw  through  the  SCR 
will  reduce  the  voltage  drop  across  relay  K,.  Dropout  time 
is  about  0.5  microseconds. 

The  drop  in  voltage  deenergizes  the  relay,  which 
switches  the  contact  from  its  normally  closed  (NC) 
position  to  the  open  position,  and  the  supply  voltage  is  no 
longer  present  on  the  circuit.    The  light-emitting  diode 


(LED)  signals  the  circuit  is  broken.  The  circuit  cannot  be 
reset  until  the  malfunction  in  the  instrumentation  line  is 
corrected. 


For  More  Information 

For  additional  information  regarding  this  development, 
contact: 

Thomas  T.  Rich  or  Bernard  J.  Steblay 

Denver  Research  Center 

U.S.  Bureau  of  Mines 

Denver  Federal  Center,  Building  20 

Denver,  CO  80225-0086 

(303-236-0708  or  236-0776) 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Automatic  Range  Changer  for  SWR  Meter 

A  commercial  unit  is  modified  for  antenna-pattern  measurements. 


The  addition  of  an  automatic  range- 
changing  circuit  converts  the  Hewlett- 
Packard  415E  standing-wave-ratio  (SWR) 
meter  into  a  radio-frequency  detector  suit- 
able for  computer-controlled  measure- 
ments of  radiation  patterns  of  antennas. 
This  modification  gives  the  SWR  meter  an 
effective  dynamic  range  of  at  least  40  dB. 

The  circuit  (see  figure)  includes  two  dig- 
ital lines  that  communicate  one  of  four 
range  settings  to  the  controlling  computer 
and  one  digital  line  to  inhibit  the  transfer  of 
data  when  a  range  is  being  changed.  The 


cost  of  the  components  is  less  than  $150.00 
(1988  prices),  and  the  circuit  can  be  in- 
stalled without  any  permanent  change  to 
the  SWR  meter.  The  additional  capability 
provided  by  the  auto-range  circuit  makes 
the  SWR  meter  an  ideal  instrument  for  use 
in  applications  involving  computer- 
controlled  monitoring  of  power  when  large 
changes  in  signal  level  are  expected. 

When  the  automatic  range-changing  cir- 
cuit is  engaged,  the  modified  SWR  meter 
accomplishes  all  changing  of  ranges  inter- 
nally, independently  of  any  external  con- 


troller. In  most  applications,  a  computer  will 
be  used  to  log  data,  and  data  are  trans- 
ferred through  the  recorder  output  lines  of 
the  SWR  meter  with  appropriate  buffering. 
The  input  signal  power  is  derived  from  the 
analog  meter  circuitry,  which,  although  it 
displays  only  10  dB,  actually  has  a  range  of 
13  dB.  These  extra  3  dB  are  used  as  head- 
room during  a  range-changing  operation. 
The  analog-to-digital  conversion  is  not  per- 
formed in  the  SWR  meter  and  must  be  ef- 
fected by  the  controller.  The  selection  of 
range  is  displayed  on  light-emitting  diodes, 
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The  Automatic  Range-Changing  Circuit  is  installed  in  the  HP415E  SWR  meter.  The  five  output  lines  are  shown  on  the  left.  Connections  to  the 
circuit  board  of  the  SWR  meter  are  shown  on  the  right. 
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which  have  been  added  around  the  input 
attenuator  dial  of  the  SWR  meter. 

The  modified  SWR  meter  is  being  used 
in  an  automated  antenna-pattern-meas- 
uring facility  at  NASA's  Jet  Propulsion 
Laboratory.  Upon  incorporation  of  the 
modified  SWR  meter  into  this  system,  the 


speed  of  measurement  was  increased  by 
a  factor  of  10  over  that  of  a  sophisticated 
spectrum  analyzer  equipped  with  general- 
purpose-interface-bus  readout,  and  the  dy- 
namic range  was  extended  by  more  than 
20  dB  over  that  of  a  lock-in  amplifier,  the 
range  of  which  cannot  be  changed  without 


allowing  extensive  time  for  autophasing. 

This  work  was  done  by  Robert  J. 
Dengler  and  Peter  H.  Siegel  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-17822/TN 
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Ball-Pass  Cage-Modulation  Detector 

The  output  of  this  detector  indicates  wear  in  a  bearing. 


A  ball-pass  cage-modulation  detector 
puts  out  a  signal  that  is  useful  in  detecting 
incipient  failure  of  a  bearing  in  a  rotating 
machine.  The  detector  is  part  of  a  system 
of  electronic  equipment  that  measures 
various  components  of  vibrations  in  such 
bearings.  Other  parts  of  the  system  are  de- 
scribed in  the  preceeding  article  and  in  the 
following  two  articles. 

Experience  has  shown  that  only  one  com- 
ponent of  vibration  increases  from  test  to 
test  with  sufficient  consistency  for  use  as 
an  indication  of  accumulated  damage  in 
the  bearing  cage  and,  therefore,  of  incipi- 
ent failure  of  the  bearing.  This  component 
is  the  amplitude  modulation,  at  the  fre- 
quency of  rotation  of  the  cage,  of  the  signal 
at  the  frequency  of  passage  of  the  balls 
("ball-pass  cage  modulation"  for  short). 

The  detector  is  illustrated  in  the  figure.  A 
strain  gauge  or  deflectometer  measures 
the  deflection  of  the  bearing  housing  as  the 
balls  pass  by.  The  output  of  this  sensor  is 
fed  to  the  ball-pass  tracking  filter,  which  is  a 
band-pass  filter  tuned  to  the  ball-pass  fre- 
quency. The  output  of  this  filter  is  fed  to  the 
root-mean-square  (rms)  detector,  which 
produces  a  signal  indicative  of  the  ampli- 
tude of  the  component  at  the  ball-pass  fre- 
quency. The  amplitude  signal  is  processed 
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The  Bearing  Sensor  —  a  strain  gauge  or  a  deflectometer  on  the  bearing  housing  —  meas- 
ures the  deflections  of  the  housing  as  the  balls  pass  by.  The  output  of  the  sensor  is  filtered  to 
extract  the  ball-pass  cage  modulation,  which  is  indicative  of  wear  in  the  bearing. 


through  a  tracking  filter  tuned  to  the  cage- 
rotation  frequency,  then  through  another 
rms  detector.  The  output  of  the  second  rms 
detector  is  a  signal  indicative  of  the  ball- 
pass  cage  modulation. 

This  work  was  done  by  Richard  L 
Randall  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29539/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Electro-optical  Probing  of  Terahertz  Integrated  Circuits 

Measurements  are  made  without  touching  micron-sized  circuit  structures. 


An  electro-optical  probe  has  been  de- 
veloped to  perform  noncontact,  nonde- 
structive, and  relatively  noninvasive  meas- 
urements of  electric  fields  over  a  broad 
spectrum  at  millimeter  and  shorter  wave- 
lengths in  integrated  circuits.  The  probe  is 
manipulated  with  conventional  integrated- 
circuit-wafer-probing  equipment  and  is 
operated  without  any  special  preparation 
of  the  integrated  circuits. 

The  tip  of  the  probe  is  a  small  electro- 
optical  crystal  that  serves  as  a  proximity 
electric-field  sensor.  Typically,  it  is  used  to 
measure  the  fringing  or  guided  electric 
field  between,  say,  two  parallel  conductor 
lines  to  determine  the  signal  potential  be- 
tween them.  The  tip  is  brought  close  to  (but 
not  touching)  the  conductors  (see  figure) 
so  that  the  fringing  field  can  induce 
changes  in  the  index  of  refraction  of  the 
electro-optical  material.  These  changes 
modulate  a  pulsed  laser  beam  reflected 
from  the  tip.  The  modulation,  proportional 
to  the  electric  field,  is  displayed  on  a  samp- 
ling oscilloscope.  The  temporal  resolution 
of  this  technique  is  determined  by  the  dura- 
tion of  the  pulses  (typically,  80  fs),  which  act 
as  the  sampling-gate  signals  for  the  oscillo- 
scope. 

The  electro-optical  material  of  the  tip  is 
chosen  according  to  the  orientation  of  the 
electric  field  to  be  measured.  For  a  field 
transverse  to  the  probing  laser  beam  (par- 


allel to  the  surface  of  the  integrated  circuit 
in  the  figure),  the  required  electro-optical 
material  is  lithium  tantalate;  for  a  field  along 
the  laser  beam  (perpendicular  to  the  sur- 
face in  the  figure),  the  required  material  is 
potassium  dihydrogen  phosphate.  Because 
a  transverse  field  is  ordinarily  measured 
when  the  axis  of  the  probe  is  aimed  be- 
tween two  parallel  conductors,  it  is  usually 
necessary  in  this  case  to  use  a  mirror  coat 
on  the  tip  to  reflect  the  laser  beam.  Be- 
cause a  longitudinal  field  is  ordinarily 
measured  when  the  axis  of  the  probe  is 
aimed  at  a  conductor,  the  beam  can  be  re- 
flected from  the  conductor,  and  a  mirror 
coat  is  not  needed. 

The  transverse  version  of  the  probe  typi- 
cally gives  a  measurement  of  voltage  only 
over  a  small  range  of  positions  between 
two  conductors.  The  longitudinal  version, 
on  the  other  hand,  can  sense  the  electric 
field  over  a  range  of  positions  across  a  con- 
ductor and,  therefore,  gives  a  measure  of 
signal  voltage  more  quickly  and  accurately. 
The  longitudinal  version  gives  a  more  ac- 
curate measure  of  a  broadband  signal  volt- 
age. 

This  work  was  done  by  K.  B.  Bhasin  and 
R.  Romanofsky  of  Lewis  Research  Cen- 
ter; J.  F  Whitaker,  J.  A.  Valdmanis,  and  G. 
Mourou  of  the  University  of  Michigan;  and 
T.  A.  Jackson  of  the  University  of  Roches- 
ter. Further  information  may  be  found  in 
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The  Electric  Field  To  Be  Measured  changes 
the  index  of  refraction  of  the  electro-optical 
crystal,  thereby  modulating  the  probing 
laser  beam. 

NASA  TM-101990  [N89-21142],  Price 
Code:  A02  "External  Electro-optic  Probing 
of  Millimeter-Wave  Integrated  Circuits. " 
Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  at  an  extra  fee  by  calling  (800) 
336-4700.  LEW-149567TN 
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Frequency  Synthesizer  for  Tracking  Filter 

Frequency  is  updated  every  2  jus. 


A  digital  frequency-synthesizing  sub- 
system generates  trains  of  pulses,  free  of 
jitter,  for  use  as  frequency-control  signals 
in  tracking  filters.  The  frequency  synthe- 
sizer is  part  of  an  assembly  of  electronic 
equipment  used  to  measure  vibrations  in 
bearings  in  rotating  machinery.  The  three 
preceding  articles  describe  some  of  the 
other  equipment.  The  frequency  synthe- 
sizer was  designed  to  meet  the  require- 
ments for  tracking  the  narrow-band  cage- 
rotation  and  ball-pass  components  of 
vibrations,  as  discussed  in  the  first  two  ar- 
ticles, "Frequency-Tracking  Error  Detec- 
tor" (MFS-29538)  and  "Ball-Pass  Cage- 
Modulation  Detector"  (MFS-29539). 

The  digital  frequency  synthesizer  uses 
binary  logarithm  and  antilogarithm  lookup 
tables  in  programmable  read-only  memo- 
ries (PROM's)  to  compute  filter-control  fre- 
quencies from  20-bit  binary  measure- 
ments of  the  period  of  rotation  (T),  the  ratio 
between  the  speed  of  rotation  of  the  cage 
and  the  speed  of  rotation  of  the  shaft  (CSR), 
and  the  number  of  balls  (N)  in  the  bearing  to 
be  analyzed.  The  synthesizer  (see  figure) 
includes  a  preset  counter,  the  output  of 
which  is  the  control  signal  for  the  ball-pass 
filter.  The  input  to  this  preset  counter  is  up- 
dated every  2  ys:  thus,  the  synthesizer 
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responds  almost  immediately,  effectively 
eliminating  the  relatively  long  response 
time  (lock-in  time)  and  phase  jitter  like 
those  encountered  in  conventional  phase- 
lock-loop  frequency  synthesizers. 

The  digital  frequency  synthesizer  can 
put  out  precise  filter-control  signals  at  fre- 
quencies over  a  range  of  1 500  to  1 .  The  up- 
date rate,  the  precision  of  the  output  fre- 
quency, and  the  dynamic  range  are  limited 


only  by  the  selected  clock  frequencies  and 
by  the  number  of  bits  used  to  process  the 
input  variables.  These  features  can,  there- 
fore, be  changed  by  design  to  meet  the  re- 
quirements of  different  systems. 

This  work  was  done  by  Richard  L 
Randall  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
MFS-29541fTN 
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Technology  Application 


Sandia  National  Laboratory 


New  Pulse  Combustor  System  Improves  Industrial 
Drying 


Researchers  at  Sandia  National  Laboratories  have 
patented  a  new  pulse  combustor  that  is  designed  for  use 
in  industrial  drying  and  other  chemical  processes.  The 
low  pressure,  valve-free  combustor  offers  improved  effi- 
ciency compared  with  conventional  heating  devices. 

Until  recently,  water  heaters,  space  heaters,  and 
forced-air  furnaces  have  been  the  major  uses  for  pulse 
combustion.  Now,  usage  in  industrial  drying,  enhance- 
ment of  chemical  reactions  (including  toxic  waste  de- 
struction), and  other  large  systems  is  being  examined. 
Potential  industrial-scale  uses  include  lime  calcining, 
raw  coke  oven  gas  treatment,  coal  gasification,  perlite 
treatment,  and  carbon  activation. 

Described  as  an  acoustically  enhanced  drying  sys- 
tem, the  combustor  can  be  added  to  conventional  drying 
equipment.  Higher  heat  transfer  rates  with  the  combus- 
tor should  lead  to  significantly  improved  industrial 
dryers. 

T.  Tazwell  Bramlette  and  Jay  O.  Keller  of  Sandia's 
Combustion  Research  Facility  (CRF)  in  Livermore,  Cal- 
ifornia, are  co-inventors  on  Patent  No.  4805318,  which 
was  awarded  to  the  Department  of  Energy. 

Important  user  of  energy 

Industrial  drying  is  an  important  user  of  energy  in 
the  U.S.  and  other  industrialized  nations.  Data  from  the 
mid-1970s  show  nearly  one  quad  of  energy  was  being 
used  annually  by  U.S.  industry  for  various  drying 
processes.  That  works  out  to  about  five  percent  of 
U.S.  total  industrial  energy  consumption.  One  quad 
(1,000,000,000,000,000  British  Thermal  Units)  is  the 
energy  equivalent  of  172  million  barrels  of  oil. 

Thermal  efficiencies  for  current  drying  methods 
vary,  but  values  in  the  20  to  50  percent  range  are  not 
uncommon.  (This  means  such  dryers  use  2  to  5  times  the 
minimum  energy  required  in  theory  to  evaporate  a  given 
volume  of  water.)  Data  from  pulse  combustors  indicate 
that  drying  rates  can  be  doubled  or  tripled  when  com- 
pared to  most  current  systems.  Efficiency  is  improved 
by  speeding  up  drying  times  and  increasing  throughput 
of  materials. 

In  pulse  combustion,  gas-pressure  patterns  inside  a 
combustion  chamber  and  tailpipe  increase  heat  transfer 
rates,   raise   combustion   intensity,   decrease   pollutant 


SECONDARY 

COMBUSTION 

SOURCE 


DRIED  PRODUCT 


Sandia 

Pulse  Combustion 

Drying  System 


MAIN 

COMBUSTION 

SOURCE 


Newly  patented  acoustically  enhanced  drying  system.  The 
valveless  system  makes  use  of  a  secondary  combustion  source 
to  reinforce  the  pressure  pattern  in  the  vertical  mixing  chamber. 
This  pattern  enhances  heat  transfer  to  the  material  to  be  dried. 
The  secondary  combustion  source  and  entry  position  for  the 
material  to  be  dried  can  be  in  either  the  lower  or  upper  part  ofthe 
vertical  tube.  Broad  arrows  show  heat  flow. 


emissions,  and  improve  thermal  efficiency.  Other  bene- 
fits include  reduced  size  requirements  for  the  combustor 
and  elimination  of  a  combustion  air  blower. 

A  typical  pulse  combustor  burns  small  bursts  of  fuel 
and  air  that  are  fed  through  one-way  valves  into  a 
mixing  chamber.  A  spark  ignites  the  mixture  in  the  first 
cycle,  creating  a  pressure  vibration,  or  sound  wave, 
within  the  chamber.  The  wave  travels  through  the 
chamber  and  attached  tailpipe  and  is  reflected  back. 
Increased  gas  pressure  generated  during  the  cycle  closes 
the  valves.  A  partial  vacuum,  created  as  combustion 
gases  flow  through  the  tailpipe,  re-opens  the  valves. 
Fresh  spurts  of  fuel  and  air  are  ignited  by  the  remaining 
hot  gases,  starting  new  cycles. 

The  key  to  pulse  combustion  is  timing  the  internal 
pressure  waves — the  acoustical  enhancement — with  each 
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burst  of  energy.  In  scientific  terms,  energy  release  and 
pressure  curves  must  be  matched,  or  "in  phase,"  to  drive 
the  cycles.  Cycles  occur  in  the  range  of  50  to  150  times 
per  second  in  most  combustors. 

The  drying  system  differs  from  a  typical  pulse 
combustor  in  that  no  valves  are  used. 

The  valve-free  design  permits  operation  at  lower 
pressure  levels.  This  should  provide  lower  noise  levels 
compared  to  other  pulse  combustion  dryers.  a 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Video  Can  Help  Save  Energy  and  Dollars 


Energy-efficient  buildings  make  dollars  and  sense.  But  tight  operating  and  construction  budgets  often  force  tough 
decisions  to  be  made  on  energy-conservation  projects.  A  new  video  training  program  developed  by  NIST  gives 
building  professionals  the  basic  tools  needed  to  evaluate  the  cost-effectiveness  of  these  decisions.  The  1-hour 
video  is  the  first  in  a  series  NIST  is  producing  for  the  U.S.  Department  of  Energy  (DOE).  NIST  economists  and  a 
DOE  engineer  explain  basic  concepts  of  life-cycle  cost  analysis  and  demonstrate  problem -solving  techniques  and 
computer  programs  that  can  be  used  to  calculate  a  building's  energy  consumption  and  the  life-cycle  costs  of 
alternative  designs  and  systems.  By  the  end  of  the  video,  the  viewer  should  be  able  to  solve  simple,  but  realistic, 
problems.  A  workbook  accompanies  the  video. 

FOR  ADDITIONAL  INFORMATION:  The  videotape,  titled  "Least-Cost  Energy  Decisions:  An  Introduction  to 
Life-Cycle  Cost  Analysis,"  is  available  from  Video  Transfer  Inc.,  5709-B  Arundel  Ave.,  Rockville,  Md.  20852; 
301/881-0270.  VHS  format  is  $19.  Contact  Video  Transfer  inc.  for  prices  on  other  formats. 
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Heat-Flux-Measuring  Facility 

An  apparatus  simulates  conditions  in  turbine  engines. 


An  automated  facility  generates  and 
measures  transient  and  steady-state  heat 
fluxes  at  flux  densities  from  0.3  to  6  MW/m2 
and  temperatu  res  from  1 00  to  1 ,200  K.  The 
facility  is  used  to  develop  heat-flux  gauges 
for  turbine  blades  and  to  test  materials  for 
durability  under  rapidly  changing  tempera- 
tures. 

The  facility  includes  a  commercial  arc- 
lamp  system,  a  heat  exchanger,  and  a 
high-speed  three-axis  positioning  system. 
Microcomputers  in  the  lamp  system  and 
the  positioning  system  control  their  func- 
tions. The  main  computer  commands  the 
microcomputers  and  controls  the  overall 
testing  and  acquisition  of  data.  The  lamp 
system  focuses  thermal  radiation  from  an 
arc  onto  a  1-by-4-cm  test  area  about  4  cm 
away.  The  heat  exchanger  cools  the  water 
circulated  through  the  lamp.  The  position- 
ing system  is  programmed  to  immerse  a 
heat-flux  gauge  in  liquid  nitrogen  at  the 
start  of  a  test,  then  place  the  gauge  in  the 
test  area  where  the  lamp  heats  it  (see  fig- 
ure), and  finally  return  the  gauge  to  the  liq- 
uid nitrogen. 

Throughout  the  test,  a  main  computer 
gathers  data  from  the  gauge  under  test, 
from  thermocouples  on  the  gauge,  and 
from  a  current  sensor  in  the  lamp  system. 
In  a  representative  test,  the  lamp  current  is 
initially  30  A.  When  the  test  gauge  has 
been  in  position  in  the  test  area  for  0.3  s, 
the  current  is  suddenly  increased  to  400  A 
The  increase  in  radiant  heat  increases  the 
heat-flux  density  to  about  5.2  MW/m2, 0.4  s 
later.  This  corresponds  to  a  transient 
heating  rate  of  12.6  MW/m^,  typical  of 
rates  that  can  occur  in  some  kinds  of  tur- 
bomachinery. 

Two  types  of  heat -flux  gauges  were 
used  to  evaluate  the  facility.  Commercial 
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The  Positioning  Arm  Holds  the  heat-flux  gauge  at  the  focal  point  of  the  arc  lamp.  The  arm 
has  previously  chilled  the  gauge  in  liquid  nitrogen  in  the  Dewar  flask  at  right.  Cooling  water 
flows  through  the  lamp  to  the  heat  exchanger. 


water-cooled  Gardon  gauges  yielded 
highly  correlated  data,  suggesting  that  the 
instrument  makes  repeatable  measure- 
ments as  the  current  in  the  arc  lamp  is  in- 
creased from  30  to  400  A.  Gardon  gauges 
are  limited  to  temperatures  between  280 
and  360  K. 

For  use  over  the  full  temperature  range 
of  the  facility,  durable  miniature  plug-type 
gauges  were  fabricated  from  a  nickel-base 
alloy.  Data  from  the  new  gauges  generally 
agree  with  those  from  the  Gardon  gauges 
during  the  initial  transient  and  into  the 
steady-state  period  of  heating  until  about 
2.6  s  into  the  test.  After  that,  the  data  from 
the  two  types  differ  by  more  than  20  per- 


cent, probably  because  of  heat  leaks  and 
because  data  on  the  temperature-depen- 
dent specific  heat  and  thermal  conductivi- 
ty of  the  nickel  alloy  are  inaccurate. 

This  work  was  done  by  Curt  H.  Liebert 
and  Donald  H.  Weikle  of  Lewis  Research 
Center.  Further  information  maybe  found 
in  NASA  TM-101428  [N89-14418],  Price 
Code:  A03  "Heat  Flux  Measurements. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  at  an  extra  fee  by  calling  (800) 
336-4  700.  LEW-1491 7/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Probe  Measures  Fouling  as  in  Heat  Exchangers 

Combustion  deposits  reduce  the  transfer  of  heat. 


An  instrument  measures  fouling  like  that 
on  the  gas  side  of  a  heat  exchanger  in  a 
direct-fired  boiler  or  heat-recovery  system. 
Users  can  determine  when  fouling  is  ap- 
proaching unacceptable  levels  so  that  they 
can  schedule  cleaning  and  avoid  the  de- 
creased transfer  of  heat  and  increased 
drop  in  pressure  that  fouling  causes.  At  the 
same  time,  users  can  avoid  the  cost  of  pre- 
mature, unnecessary  maintenance. 

The  probe  is  inserted  through  a  port  di- 
rectly into  the  combustion  gas  stream.  The 
instrument  includes  a  conventional  cal- 
orimeter apparatus  and  a  heat-flux  meter 
in  a  cylindrical  probe  (see  figure).  The 
calorimeter  yields  data  on  the  average 
fouling  in  the  system,  and  the  heat-flux 
meter  yields  data  on  the  fouling  at  its  loca- 
tion. Both  parts  measure,  in  real  time,  the 
flow  of  heat  through  the  wall  of  the  probe; 
when  the  flow  falls  below  a  predetermined 
level,  fouling  has  become  excessive. 

Products  of  combustion  include,  in  addi- 
tion to  noncondensing  gases,  a  variety  of 
impurities  —  particles,  drops  of  liquid,  and 
condensible  gases.  As  hot  combustion 
products  cool  in  a  heat  exchanger,  some  of 
the  impurities  deposit  on  the  heat-transfer 
surface.  The  deposits  —  fouling  — gradual- 
ly accumulate  and  eventually  seriously  im- 
pair the  transfer  of  heat.  Users  of  fossil 
fuels  have  long  recognized  a  need  for  a 
standardized  gas-side  fouling  measuring 
device  like  that  embodied  in  the  new  instru- 
ment. 

The  heat-flux  meter  is  electron-beam- 
welded  in  a  window  cut  into  the  probe  and 
is  in  direct  contact  with  the  stream  of  gas.  It 
consists  of  a  sandwich  of  Chromel  layers 
on  an  alloy,  with  electrical  leads  insulated 
with  alumina  tubes  and  sleeves  of  woven 
ceramic  fiber.  The  electrical  output  of  this 
thermopile  represents  the  rate  of  flow  of 
heat  through  the  meter. 


Flow  of  Combustion  Gas 


The    Heat-Flux 

Probe  includes 
a  tube  with  an 
embedded  me- 
ter in  the  outer 
shell.  Combus- 
tion gases  flow 
over  the  probe, 
and  fouling  ac- 
cumulates on  it, 
just  as  fouling 
would  on  a  heat 
exchanger.  The 
embedded  heat- 
flow  meter  is  a 
sandwich  struc- 
ture in  which  thin 
Chromel  layers 
and  a  middle  al- 
loy form  a  ther- 
mopile. 


SECTION  AA: 
DETAIL  OF  HEAT-FLUX  METER 


The  calorimeter  includes  an  inner  air- 
feeding  tube  within  the  hollow  cylindrical 
probe.  Cool  air  enters  through  the  inner 
tube  and  flows  out  through  the  annular  gap 
between  the  inner  tube  and  inner  wall  of 
the  outer  probe  tube,  absorbing  heat  from 
the  wall  as  it  does.  A  control  system  varies 
the  rate  of  flow  of  air  to  maintain  the  inside 
temperature  of  the  probe  wall  at  a  constant 
value.  The  average  heat  flux  is  calculated 
from  the  temperatures  of  the  air  at  the  inlet 
and  outlet  and  the  mass-flow  rate  of  air. 

Made  of  304  stainless  steel  for  strength 
and  resistance  to  corrosion,  the  probe  tube 


withstands  severe  thermal-shock  and  wide- 
ranging  temperature  cycles.  In  tests,  the  in- 
strument operated  over  a  wide  range  of 
conditions,  including  gas  temperatures 
from  745  to  2,214  °F  (396  to  1,212  °C), 
velocities  from  9.91  to  27.7  ft/s  (3.02  to  8.44 
mis),  and  heat  fluxes  from  3,440  to  40,800 
Btu/Orft2)  (10.84  to  128.6  kW/m2). 

This  work  was  done  by  Wilbur  J. 
Marner  and  Kenton  S.  MacDavid  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO- 1 7322/TN 
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1 060  A  New  Version  of  Cameo 

1 061  Tactical  Robotic  Vehicle  Aids  in  Battlefield  Surveillance 

1 063  Extendable  Aluminum  Drilling  Post 

1 064  Mining  Applications  of  Crosshole  Seismic  Systems 

1 065  Video  Imaging  Projectile  Pictures  Terrain  Below  its  Path 

1 066  Pressure  Armed  Release  Device  Developed 

1 067  Averaging  Sampled  Sensor  Outputs  To  Detect  Failures— Fluctuating  signals  are 
smoothed  by  taking  consecutive  averages. 

1 068  Characteristic- Wave  Approach  Complements  Modal  Analysis — Aspects  of 
estimation  of  unmodeled  dynamics  are  discussed. 

1 069  Cheap  Corner  Reflectors  for  Radar — Retroref lectors  are  made  from  readily 
available  materials  at  a  small  fraction  of  their  usual  cost.  (Licensing  Opportunity) 

1 070  Designing  Digital  Control  Systems  With  Averaged  Measurements — Rational 
criteria  represent  an  improvement  over  'cut-and-try'  approach. 

1 071  Classification  of  Radar  Scatterers  Via  Polarimetric  Data — Scattering 
mechanisms  are  identified  via  polarization  signatures. 

1 072  Electronically  Scanned  Laser  Rangef inder — A  system  would  measure  distances 
to  objects  in  front  of  a  vehicle. 

1 073  Fixed-Position  Isolation  Valve — A  lightweight,  compact  device  blocks  or  allows 
flow. 

1 074  Positioning  X-Ray  Film  by  Balloon — Film  is  placed  securely  against  a  wall, 
without  wrinkles. 

1 075  Response  of  Ceramic  Insulation  to  Aerothermodynamic  Heating— A  simplified 
theoretical  model  predicts  the  thermal  behavior  of  composite  materials. 

1 076  Shock-Absorbing,  Retractable  Docking  Mechanism — The  new  version  would 
save  considerable  weight.  (Licensing  Opportunity) 

1 077  Stabilizing  Wheels  for  Rover  Vehicle — Extra  wheels  would  prevent  tipping,  aid  in 
climbing  banks,  and  help  in  righting  after  overturning.  (Licensing  Opportunity) 

Software 

1 078  MFIRE:  Mine  Ventilation  and  Fire  Simulation  Computer  Program 
Testing  &  Instrumentation 

1 079  Borehole  Platened  Flatjack  for  Measuring  Changes  in  Rock  Stress 

1080  In  Situ  Measurement  of  Rock  Mass  Properties  With  Hydraulic  Borehole  Pressure 
Cells 

1 081  Combined  Borescope  and  Flushing  Wand — This  dual-purpose  tool  eliminates 
trial  and  error  in  removal  of  contamination. 

1 082  System  Detects  Vibrational  Instabilities — Sustained  vibrations  at  two  critical 
frequencies  trigger  diagnostic  response  of  shutdown. 

1 083  Thermal-Transient  Testing  of  Turbine  Blades — A  thin  surface  layer  is  heated 
rapidly. 

Other  Items  of  Interest 

1 055      Frequency  Synthesizer  for  Tracking  Filter — Frequency  is  updated  every  2  us. 

1 058      Heat-Flux-Measuring  Facility — The  apparatus  simulates  conditions  in  turbine 

engines. 
1 094      Balancing  Loads  Among  Robotic-Manipulator  Arms — Improved  controls  would 

result  in  safer  handling  of  delicate  objects. 
1 097      Exact  Linearization  for  Control  of  Robots — The  equivalence  of  several 

theoretical  approaches  is  discussed. 
1 1 01      Rotor/Stator  Interaction  in  a  Diffuser  Pump — Measurements  of  steady  and 

fluctuating  pressures  are  reported. 
1 1 22      Liquid-Air  Breathing  Apparatus — A  compact  unit  supplies  air  longer  than  does  a 

compressed-air  unit. 
1 136      Acoustic  Reduction  of  Separation  of  Flow — The  effect  of  sound  is  tested  in  flows 

about  airfoils. 
1 138      Four-Wheel  Vehicle  Suspension  System— Levers  reduce  tilt  provide  three-point 

suspension  of  the  chassis. 
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'UStk  NOAA  Technology  Brief 

National  Oceanic  and  Atmospheric  Administration 

National  Ocean  Service 

Office  of  Oceanography  and  Marine  Assessment 


A  New  Version  of  Cameo 

The  Computer-Aided  Management  of  Emergency  Operations  (CAMEO)  program,  designed 
to  help  emergency  planners  and  first  responders  either  plan  for  or  safely 
handle  chemical  accidents,  has  been  updated.  The  new  version,  CAMEO  II, 
contains  a  chemical  identification  and  response  data  base,  city  and  building 
maps,  and  an  air  dispersion  model.  It  also  facilitates  contingency  planning  to 
meet  the  requirements  of  SARA  Title  III,  the  Emergency  Planning  and  Community 
Right-to-Know  Act  of  1986. 

CAMEO  II  is  designed  for  a  microcomputer  that  can  be  carried  to  the  scene  of  the 
emergency.  The  computer  must  be  a  Macintosh  Plus,  SE,  or  Mac  II  with  1  megabyte 
of  memory  and  a  hard  disk  with  12  megabytes  of  storage.  Also  required  are  Apple 
Computer's  HyperCard  1.2  and  drawing  and  communications  software. 

Information  on  over  2,600  common  chemicals  is  in  the  CAMEO  II  chemical  iden- 
tification and  response  data  base,  called  Codebreaker.  It  contains  50,000 
synonyms,  identification  numbers,  and  labeling  conventions  for  the  chemicals, 
each  cross-referenced  with  standard  names  and  numbers  used  in  the 
transportation  industry.  The  chemical  data  base  also  contains  information  from 
commonly  used  reference  sources.  Subjects  most  critical  to  first  responders 
are  emphasized,  including  personal  protective  measures,  fire  and  explosion 
hazards,  firefighting  techniques,  human  health  threats,  and  spill  cleanup 
procedures.  References  include  the  EPA  Chemical  Profiles,  the  U.S.  Department 
of  Transportation's  Emergency  Response  Guidebook,  the  Association  of  American 
Railroad's  Emergency  Handling  of  Hazardous  Materials  in  Surface  Transportation, 
the  U.S.  Coast  Guard's  Chemical  Hazards  Response  Information  System  (CHRIS) , 
as  well  as  a  number  of  others. 

User  supplied  maps  can  be  put  into  CAMEO  II.  They  can  contain  city  boundaries 
and  street  names  as  well  as  the  location  of  schools,  hospitals,  major  landmarks, 
etc.  Drawings  of  chemical  facilities  can  be  added  to  provide  a  close-up  view 
of  buildings,  street  access,  floor  plans,  and  information  on  chemical 
inventories. 

An  air  dispersion  model  is  also  an  important  part  of  CAMEO  II.  This  predicts 
downwind  chemical  concentrations  resulting  from  an  accident.   It  draws  on 
information  from  a  radio-controlled  atmospheric  station  linked  to  the  computer 
and  its  chemical  data  base.  The  first  responder  selects  the  chemical  involved, 
inputs  weather  conditions,  the  size  or  nature  of  the  spill,  and  other  known 
factors.  The  "footprint"  of  the  chemical  plume  is  then  drawn  by  the  computer 
from  the  predefined  location  on  a  CAMEO  II  map.  CAMEO  II  uses  a  dispersion 
model  based  on  the  U.S.  Environmental  Protection  Agency's  Workbook  of 
Atmospheric  Dispersion  Estimates. 
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Recent  additions  to  the  original  CAMEO  program  allow  it  to  be  used  for  con- 
tingency planning  and  to  facilitate  the  hazards  analysis  process  outlined  in 
EPA's  technical  guidance  document  for  the  Superfund  Amendments  and 
Reauthorization  Act  of  1986  (SARA),  Title  III.  CAMEO  can  be  used  to  help  define 
high  risk  areas  through  identification  of  possible  accident  locations  and  their 
proximity  to  highly  sensitive  areas  like  schools,  hospitals,  areas  of  high 
population  density,  etc.  Using  data  specific  to  a  community,  contingency 
planning  efforts  can  focus  on  realistic  accident  simulations.  For  instance, 
using  normal  wind  direction,  the  air  dispersion  model  can  draw  a  footprint  of 
the  areas  affected  by  a  hypothetical  chemical  spill. 

To  provide  for  the  orderly  transfer  of  this  technology  to  the  private  sector, 
the  name  CAMEO  was  trademarked  by  the  U.S  Government,  and  an  agreement  was  made 
with  the  National  Safety  Council,  a  non-profit  organization,  for  distribution. 
A  training  program  originally  designed  by  NOAA  has  also  been  transferred  to  a 
number  of  outside  organizations,  including  the  National  Safety  Council,  the 
National  Fire  Academy,  and  state  training  agencies  in  New  York  and  California. 
NOAA  maintains  a  voluntary  program  of  certification  to  establish  the 
qualifications  of  instructors  and  supports  an  electronic  data  base  of  technical 
questions  and  answers  related  to  CAMEO  II.   It  also  publishes  a  series  of 
technical  reference  notes  related  to  the  program. 

Additional  information  about  CAMEO  II  can  be  obtained  from  NOAA  ORTA,  Suitland 
Professional  Center  (SPC) ,  Room  307,  Suitland,  Maryland  20233.  Telephone  (301) 
763-4240. 
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Technology  Application 


Sandia  National  Laboratory 


Tactical  Robotic  Vehicle  Aids  in  Battlefield 
Surveillance 


An  unmanned  robotic  vehicle  that  would  substi- 
tute for  a  soldier's  eyes  and  ears  in  combat  has  been 
developed  and  tested  by  Sandia  National  Laboratories, 
Grumman  Corporation,  and  Martin  Marietta  Corpora- 
tion. 

The  Tactical  Multipurpose  Automated  Platform 
(TMAP)  is  equipped  with  video  cameras  and  acoustic 
monitors  that  allow  an  operator  to  conduct  surveillance, 
reconnaissance,  and  target  acquisition  from  a  safe, 
remote  location.  Using  a  color  video  monitor,  a  joystick, 
and  navigational  displays,  the  operator  can  manipulate 
the  TMAP  over  irregular  terrain  and  through  shallow 
water  from  up  to  two  miles  away.  Sensory  information 
gathered  by  the  TMAP  is  relayed  to  the  operator 
through  a  fiber  optic  data  link. 

The  TMAP  is  considered  to  be  the  forerunner  for 
the  first  unmanned  vehicle  system  to  be  used  in  combat, 
says  Sandia  project  leader  Bill  Caskey.  The  system's 
advantages  are  that  it  could  remove  soldiers  from  the 
direct  line  of  fire  while  providing  military  commanders 
with  increased  control  of  the  battlefield.  Future  genera- 
tions of  the  TMAP  could  be  equipped  for  countermine 
capabilities  or  direct  fire,  he  said.  (Sandia  is  also  devel- 
oping a  lightweight,  radio-controlled  all-terrain  vehicle 
called  Thomas  for  detecting  intruders  at  remote  sites; 
see  SSN  May  1990.) 

The  TMAP  is  not  considered  a  true  robot  because 
its  operation  depends  upon  human  intelligence,  percep- 
tion, and  motor  skills. 

Two  prototype  units 

With  Sandia's  assistance,  two  TMAP  prototypes 
were  developed  for  the  U.S.  Army  Infantry  School 
through  the  U.S.  Army  Missile  Command.  In  1989,  the 
Army  and  Marines  formed  the  Unmanned  Ground 
Vehicle  Joint  Program  Office  (UGV/JPO)  to  combine 
their  robotic  research  and  development,  focusing  their 
efforts  and  avoiding  duplication.  Thus  UGV/JPO  is  now 
responsible  for  the  TMAP  project. 

After  formulating  specifications  for  the  vehicles, 
Sandia  contracted  in  1987  with  Martin  Marietta  and 
Grumman  to  build  one  TMAP  each.  Both  of  the  760- 
pound  units  are  similar  in  design  and  are  transportable 
by  truck  and  helicopter.  The  vehicles  are  about  66  inches 
long,  43  inches  wide  and  50  inches  high. 

They  also  have  a  navigation  system  that  keeps  track 
of  their  location  and  provides  coordinate  information  on 
a  map  to  the  soldier-operator.  Both  have  a  self-destruct 
capability  to  prevent  enemy  capture. 
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Grumman  version  of  Tactical  Multipurpose  Automated  Platform 
(TMAP)  features  four  electrically  driven  wheels  in  diamond 
formation  for  mobility  over  obstacles.  Operator  control  unit  is  in 
the  foreground.  Martin  Marietta  has  also  built  a  version.  Both 
are  being  evaluated  for  the  Army  and  Marines. 


"We  wanted  to  get  different  technologies  incorpo- 
rated in  each  of  the  prototypes  to  see  what  works  best," 
Caskey  says.  The  primary  goal  was  to  develop  a  useful 
but  expendable  vehicle. 

The  TMAP  system  consists  of  an  unmanned,  sensor- 
carrying  Mobile  Base  Unit  (MBUV  which  is  linked  to  a 
manned  Operator's  Control  Unit  (OCU)  through  a  fiber 
optic  cable.  The  system  features  radio  frequency  backup 
control  in  the  event  the  cable  is  severed. 

The  TMAP  is  equipped  with  "eyes" — video  cameras 
for  driving  and  for  detecting  a  vehicle  about  a  mile  away. 
They  can  also  track  moving  targets,  even  in  partial 
darkness.  The  Martin  Marietta  TMAP  emits  a  laser 
signal  that  can  "designate"  a  target  with  a  coded  laser 
spot  that  "smart"  missiles  can  home  in  on. 

Both  TMAPs  have  acoustic  microphones  that  allow 
the  soldier-operator  to  "hear"  from  a  remote  location. 
The  Martin  Marietta  TMAP  acoustic  detection  system 
is  capable  of  ultrasound  detection,  such  as  someone 
crawling  through  the  grass  or  keys  jangling  in  a  pocket, 
Caskey  says.  Its  identification  and  tracking  system  sup- 
plies direction  information  and  can  discern  whether  the 
detected  vehicle  is  a  tank  or  a  truck,  he  said. 
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The  Grumman  TMAP  features  four  electrically 
driven  wheels  arranged  in  a  diamond  formation,  allow- 
ing the  front  wheel  to  move  up  and  down  to  traverse 
obstacles.  The  Martin  Marietta  TMAP  has  a  standard 
rectangular  wheel  arrangement  and  is  based  on  a 
hydraulically  driven,  diesel-powered  all-terrain  vehicle 
custom  designed  by  John  Deere. 

The  TMAP  OCU  consists  of  a  portable  suitcase-like 
unit  containing  operator  controls  and  a  nine-inch  color 
monitor.  The  operator  uses  the  OCU  to  control  the 
TMAP  in  one  of  four  alternative  modes:  surveillance, 
listening,  mobility,  and  self-destruct. 

In  the  surveillance  mode,  all  sensors  are  operable, 
but  the  MBU  is  stationary.  In  the  listening  mode, 
cameras  and  other  systems  are  turned  off  to  conserve 
power. 

"We  could  stay  in  the  listening  mode  for  days;  in 
surveillance,  we  could  stay  for  a  few  hours,"  Caskey  says. 

The  TMAP  prototypes  are  capable  of  traveling 
about  10  miles  per  hour.  Caskey  said  the  Army  Infantry 
School  has  indicated  that  it  would  like  future  genera- 
tions of  TMAP  to  be  capable  of  going  up  to  35  miles  per 
hour  and  to  be  operable  at  distances  up  to  five  miles 
between  vehicle  and  operator. 

Current  work  to  determine  the  feasibility  of 
unmanned  ground  vehicles  has  been  under  way  since 
1984.  Prototype  hardware  has  been  evaluated  by  the 
Army  and  Marines  to  develop  specifications  for  the  next 
generation  of  unmanned   ground   vehicle.   Demonstra- 


tions continue  for  both  the  Grumman  and  Martin 
Marietta  TMAPs.  The  most  recent  was  in  Dayton,  Ohio, 
at  the  July  annual  meeting  of  the  Association  for 
Unmanned  Vehicle  Systems. 

Tactical  demonstrations 

In  September  1989,  the  two  TMAPs  and  a  Marine- 
developed  unmanned  ground  vehicle  were  demonstrated 
in  a  simulated  tactical  environment  at  Camp  Pendleton, 
Calif.  The  TMAPs,  working  in  conjunction  with  the 
other  robotic  vehicle  system,  demonstrated  their  capa- 
bilities for  target  acquisition,  damage  assessment  of  a 
battlefield,  and  cooperative  maneuvering  with  each 
other.  Most  likely,  unmanned  ground  vehicles  would  be 
used  in  groups  for  optimal  performance,  Caskey  says. 

Sandia  will  provide  technical  assistance  in  the 
development  of  the  next  generation  of  unmanned  ground 
vehicles,  Caskey  says.  A  limited-capability  model  is 
expected  to  be  completed  in  less  than  two  years,  and 
production  units  should  be  in  the  field  before  2000.     □ 

FOR  ADDITIONAL  INFORMATION 
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Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  25  No.  7 


I 


( 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

|    U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Extendable  Aluminum  Drilling  Post 


Objective 

Improve  underground  long-hole  drilling  efficiency  and 
safety  by  developing  a  lightweight,  easily  transportable 
drilling  post  that  can  be  adjusted  to  fit  a  range  of  mine 
opening  heights. 


Background 

Standard  one-piece  commercially  available  steel  posts 
weigh  approximately  10  pounds  per  foot.  Transporting 
these  posts  underground  and  carrying  them  over  obstacles 
and  through  small  mine  doors  is  very  difficult.  Because 
the  length  of  a  one-piece  post  cannot  be  adjusted,  vari- 
ations in  mine  opening  height  at  the  drilling  site  must  be 
accommodated.  This  is  accomplished  by  stacking  several 
wooden  blocks  to  form  a  base  for  the  post,  resulting  in  a 
dangerously  unstable  drilling  setup.  The  only  alternative 
to  this  unstable  setup  is  to  obtain  a  longer  post. 

These  problems  can  be  reduced  by  the  use  of  a  two- 
piece  telescoping  aluminum  post  having  a  3-foot  ad- 
justment range  in  6-inch  increments.  The  two-piece 
extendable  post  will  be  easy  to  transport  and  carry 
underground.  It  will  fit  any  opening  height  within  its 
adjustment  range.  One  large  wooden  block  is  used  as  a 
base  and  one  cap  block  is  used  at  the  top  to  bear  against 
the  mine  roof.  This  arrangement  results  in  a  stable,  rigid 
setup. 


How  It  Works 

For  a  post  that  extends  from  6-1/2  feet  to  9-1/2  feet 
overall    length,    two    pieces    of   6063-T6    1/4-inch-wall 


aluminum  pipe  are  used.  The  3-1/2-inch-OD  post  body 
(outer  pipe)  is  6  feet  long.  It  has  one  1-inch-diameter  hole 
drilled  through  it  2-1/2  inches  from  one  end.  The  3-inch- 
OD  extension  (inner  pipe)  is  5  feet  long  and  has  seven 
1-inch-diameter  holes  drilled  through  on  6-inch  centers. 
The  first  hole  is  located  6  inches  from  one  end.  A  4-inch- 
diameter  solid  aluminum  head  with  grooves  milled  into  its 
bearing  surface  is  attached  to  the  holed  end  of  the  exten- 
sion by  a  1/4-20  by  3-1/2-inch  bolt.  The  extension  slides 
into  the  post  body,  and  they  are  fastened  together  with  a 
1-8  by  5-inch  bolt.  The  overall  post  length  is  set  according 
to  which  hole  in  the  extension  is  aligned  with  the  hole  in 
the  post  body. 

The  extendable  post  is  easily  fabricated,  and  its  com- 
ponent materials  are  readily  available.  A  low-cost  alterna- 
tive to  the  machined  aluminum  extension  head  can  be 
made.  A  3-1/2-inch  piece  of  2- 1/2-inch-OD,  1/4-inch-wall 
steel  pipe  can  be  centered  on  and  welded  to  the  smooth 
side  of  a  4-inch-diameter  circular  piece  of  1/2-inch  steel 
floor  plate. 


Evaluation  Results 

The  two-piece  post  was  evaluated  in  several  under- 
ground mines  with  various  opening  heights.  The  post  was 
usually  disassembled  or  adjusted  to  its  minimum  length  at 
the  surface  to  make  transporting  it  underground  and  hand- 
carrying  it  to  the  drill  sites  easier.  It  was  easily  adjusted 
to  fit  different  openings  within  its  adjustment  range,  using 
a  minimum  amount  of  wooden  blocking.  Opening  heights 
ranging  from  4  feet  to  12  feet  were  accommodated  by 
using  different  combinations  of  post  body  and  extension 
lengths. 


1063 


< 


The  extendable  aluminum  drilling  post  is  lightweight,  easy  to  transport,  and  can  be  adjusted  to  fit 
a  range  of  mine  opening  heights. 


Using  standard  pneumatic  rotary  drills  and  mounting 
hardware,  horizontal  holes  up  to  230  feet  long  and  vertical 
holes  up  to  30  feet  long  were  drilled.  The  holes  were 
drilled  in  various  rock  types  and  their  diameters  ranged 
from  1-1/2  to  6  inches.  The  extendable  aluminum  post 
proved  to  be  rigid,  giving  stable  setups  in  nearly  every 
instance.  However,  the  greater  rigidity  of  the  one- 
piece  steel  post  is  probably  desirable  in  the  following 
conditions: 

1.  Where  excessive  drill  vibration  is  anticipated,  such  as 
holes  longer  than  250  feet. 

2.  When  drilling  large-diameter  holes  and/or  drilling 
in  very  hard  rock. 

3.  When  a  pneumatic  rod  puller  is  mounted  on  the 
post. 


Patent  Status 

No  patent  application  has  been  made  for  this  device. 

For  More  Information 

For  additional  information  contact: 

Harold  C.  Farley  or  Bernard  J.  Steblay 

Denver  Research  Center 

U.S.  Bureau  of  Mines 

Denver  Federal  Center,  Building  20 

Denver,  CO   80225-0086 

(303-236-1047  or  303-236-0742) 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Mining  Applications  of  Crosshole  Seismic  Systems 


Objective 

Use  crosshole  seismic  technology  and  geotomography 
for  detecting  mine  ground  control  and  stability  problems. 

The  Problem 

Ground  control  for  safe  mining  requires  detection  of 
geologic  hazards  and  bad  ground  conditions  in  the  imme- 
diate vicinity  of  the  mine  workings.  Many  geologic  con- 
ditions that  lead  to  falls  of  ground  or  instability  in  roof, 
rib,  pillars,  and  working  face  cannot  be  detected  by  the 
unaided  eye.  Among  such  geologic  conditions  are  air-, 
methane-,  and  water-filled  voids,  abandoned  mines,  faults 
and  small-scale  fractures,  and  discontinuities  and  structures 
that  weaken  the  mine  roof,  face,  rib,  and  floor.  If  such 
hazardous  geologic  conditions  can  be  detected  and  delin- 
eated in  advance  of  mining,  remedial  measures  can  prevent 
instability  in  mine  structures  and  reduce  or  eliminate  the 
ground  fall  threat. 

It  is  prohibitively  expensive  and  impractical  to  drill 
holes  at  spacings  close  enough  to  adequately  assess  geo- 


logic and  hydrologic  conditions  in  prospective  mine 
properties.  The  mining  industry  needs  new  technology  for 
remote  detection  and  interpretation  of  geologic  and  hydro- 
logic  conditions  between  exploration  boreholes  at  potential 
mining  sites  and  between  workings  in  mine  developments. 

Approach 

Bureau  research  has  developed  crosshole  geophysical 
technology  to  investigate  areas  between  boreholes  and  de- 
lineate geologic  anomalies  and  bad  ground  conditions  in 
advance  of  mining.  Two  acoustic  cross-borehole  systems 
are  being  applied  in  a  wide  range  of  mining  applications. 
Improved  waveform  processing  and  tomographic  imaging 
capabilities  were  developed  to  process  waveforms  and 
image  sections  between  boreholes  to  assist  in  the  inter- 
pretation of  subsurface  geologic  and  hydrologic  features. 
These  crosshole  systems,  together  with  advanced  tomo- 
graphic imaging,  permit  visually  opaque  Earth  structures 
to  be  viewed  by  acoustic  (sound-seismic)  waves  in  a  man- 
ner similar  to  the  way  CAT  scans  view  parts  of  the  body 
in  medical  technology. 


Transmitter- 
Receiver  Probe  I 


Acoostic_ 
.  Receiver 


$w 


'■/■  "  -  M;      (['..Acoustic 
"- 1      jj;  Receiver 
('.'Probe 


¥:- 


' Abandoned  Mine        .         ■•>        'f- 


Bureau  research  has  developed  crosshole  geophysical  technology  to  investigate  areas  between  boreholes  and  delineate  geologic 
anomalies  and  bad  ground  conditions  In  advance  of  mining. 
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How  It  Works 

The  acoustic  cross-borehole  systems  operate  across 
pairs  of  slim  boreholes  of  the  type  normally  used  in  mining 
exploration.  Because  higher  frequencies  are  required  to 
resolve  many  of  the  small-scale  features  of  most  concern 
in  mining,  and  because  the  Earth  selectively  filters  out 
high-frequency  energy  from  acoustic  signals,  special 
acoustic  emitter  and  receiver  devices,  along  with  personal- 
computer-based  waveform  processing  and  imaging  tech- 
nology, were  developed  for  the  high-resolution  delineation 
of  geologic  structures.  Tomographic  reconstruction  to 
provide  an  image  of  the  compressional  wave  velocity  vari- 
ation between  boreholes  is  accomplished  using  a  simulta- 
neous iterative  reconstruction  technique,  assuming  either 
straight-  or  curved-raypath  transmission  between  the  emit- 
ter and  receiver  units. 

One  system  operates  at  a  central  pulse  frequency  of 
20  kHz  and  is  best  suited  for  characterizing  small-scale 
discontinuities,  such  as  in  blast-damaged  and  stress- 
relieved  zones,  at  distances  between  boreholes  of  roughly 
1  to  20  meters.  This  system  uses  highly  repeatable  wave- 
shape, piezoelectric  source-receiver  hydrophones  for  prop- 
agating and  detecting  the  acoustic  signals. 

The  second  system,  developed  by  Southwest  Research 
Institute  under  a  Bureau  contract,  uses  a  unique  sparker 
source  and  bender-mode  receiver  transducers  operating  in 
the  frequency  range  from  200  to  2,000  Hz.  The  system 
can  propagate  acoustic  energy  over  a  wider  range  (up  to 
350  meters)  between  boreholes  than  the  first  system.  This 
sparker  system  is  better  used  to  characterize  large-scale 
geologic  features,  such  as  geologic  faults  and  air-  and 
water-filled  voids,  or  for  the  detection  and  delineation  of 
fracture  zones. 

An  advantage  of  the  cross-borehole  approach  over  con- 
ventional surface  seismic  technology  is  that  probe  location 
in  the  borehole  can  be  near  the  geologic  target  and  thus 
can  circumvent  lower  velocity,  highly  attenuating  surface 
layers.  This  permits  the  propagation  of  higher  frequency 
waves  over  shorter  range,  providing  higher  resolution 
capabilities.  The  following  are  applications  of  the  cross- 
hole  systems  and  imaging  technology  in  mining:  Ground 
control  hazard  detection,  mine  structural  stability  moni- 


toring,   geologic   structure    interpretation,    site    charac- 
terization, locating  stress  concentrations,  in  situ  stress 
monitoring,  fluid  migration  monitoring,  and  subsidence      g 
detection-delineation.  " 

Patent  Status 

U.S.  Patent  4,651,311  was  issued  March  17, 1987,  on  the 
arc-discharge,  sparker  source  and  U.S.  Patent  4,525,645 
was  issued  June  25,  1985,  on  the  cylindrical  bender-mode 
transducer  concept.  Patent  rights  were  assigned  from 
the  Bureau  to  Southwest  Research  Institute  on  these 
developments. 


For  More  Information 

Cross-borehole  system  developments  were  described  in 
"Crosshole  Seismics:  Applications  in  Mining,"  a  paper  in 
Proceedings  of  the  30th  U.S.  Rock  Mechanics  Symposium; 
and  in  "Borehole  Mining  Geophysics—A  Research  Per- 
spective," a  paper  in  Proceedings  of  the  International 
Symposium  on  Borehole  Geophysics,  Petroleum,  Hydro- 
geology,  Mining  and  Engineering  Applications. 

Waveform  processing  and  tomographic  imaging  soft- 
ware for  use  with  the  cross-borehole  systems  are  given  in 
Bureau  of  Mines  Information  Circular  9242  "BOMSPS: 
Bureau  of  Mines  Signal  Processing  Software— Concepts, 
Expressions,  and  Tutorial,"  and  in  Bureau  of  Mines  Report 
of  Investigations  9159,  "A  Tomographic  Computer  Pro- 
gram With  Constraints  To  Improve  Reconstructions  for 
Monitoring  In  Situ  Mining  Leachate." 

For  additional  information  or  copies  of  publications 
concerning  these  developments,  contact  the  principal 
investigator: 

Richard  E.  Thill 

Twin  Cities  Research  Center 

U.S.  Bureau  of  Mines 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN   55417-3099 

(612-725-4580) 


Technology  Application 


Sandia  National  Laboratory 

Video  Imaging  Projectile  Pictures  Terrain  Below  its 
Path 


Sandia  National  Laboratories  has  developed  a  sim- 
ple and  inexpensive  imaging  system  that  uses  a  single 
photodiode  within  a  spinning  artillery  shell  to  generate  a 
picture  of  the  terrain  below. 

This  video  imaging  projectile  (VIP)  concept  grew 
out  of  Sandia's  work  with  components  and  instrumen- 
tation associated  with  artillery-fired  nuclear  projectiles. 
In  recent  years,  Sandia  has  begun  adapting  this  special 
knowledge  for  use  in  conventional  combat. 

"The  real  attraction  of  the  VIP  concept  is  its  low 
cost  and  rapid  data  retrieval,"  says  William  G.  Wilson, 
supervisor  of  Sandia's  Advanced  Electronics  Division  in 
Livermore,  California. 

"Although  the  military  has  a  variety  of  methods  of 
gathering  reconnaissance  information,  in  most  cases  that 
information  is  not  readily  available  to  field  commanders 
because  the  complexity  of  collating  the  data  requires  the 
analysis  to  be  done  at  higher  command  levels.  The  VIP 
concept  responds  to  the  need  of  lower  command  levels 
for  real-time  information  by  building  on  artillery  capa- 
bilities already  in  the  field,"  Wilson  explains. 

The  Sandia  VIP  is  a  155-mm  shell  with  a  lucite 
window  that  reflects  a  narrow  field  of  view  onto  the 
photodiode,  also  contained  within  the  shell.  The 
photodiode  converts  the  light  into  a  continuous  electri- 
cal signal — the  brighter  the  light,  the  stronger  the  signal. 
The  signal  is  transmitted  by  radio  to  the  ground. 

A  commercial  personal  computer  with  special  soft- 
ware to  handle  a  large  number  of  calculations  is  used  to 
convert  the  sensor  data  to  a  picture  on  paper.  The 
computer  separates  the  signal  into  a  train  of  8-bit  words, 
each  of  which  represents  a  picture  cell  (pixel)  that  has 
one  of  256  possible  shades  of  gray.  The  picture  of  the 
terrain  is  formed  by  the  combination  of  these  pixels, 
which  with  computer  processing  is  constructed  very 
much  like  the  picture  on  a  black  and  white  television 
screen. 

"Imagine  riding  in  the  center  of  a  spinning  projectile 
and  looking  out  through  a  straw,"  Wilson  says.  "At  any 
instant,  what  you  see  of  the  ground  below  would  be  too 
small  to  provide  meaning.  But  if  we  put  all  the  spots  of 


TRANSMISSION 
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Reflective  optics  in  video  imaging  projectile  (VIP)  gather  light 
and  focus  it  on  a  photodiode.  A  personal  computer  uses  special 
software  to  convert  the  sensor  data  from  the  spinning  artillery 
shell  to  a  picture  of  the  terrain  it  passes  over 


one  revolution  together  with  corresponding  spots  of 
subsequent  revolutions,  we  get  a  collage  reconstruction 
of  the  terrain  beneath  the  flight." 

Traveling  at  1,500  feet  per  second  and  making  130 
revolutions  during  that  same  period,  the  shell  has  the 
same  maximum  range  and  apex  as  a  standard  155  mm 
shell. 

Two  prototype  VIPs  were  successfully  tested  in  late 
1989  at  Sandia's  Tonopah  Test  Range  in  Nevada.  The 
system  was  developed  by  a  team  of  Sandia  engineers  led 
by  John  Kraabel,  Chuck  Pignolet,  and  Phil  Zablocki.  o 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 
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Pressure  Armed  Release  Device  Developed 


Mechanical  release  devices 
that  are  actuated  when  a 
predetermined  pressure  is  reached 
are  many  and  varied  in  design. 
These  releases  are  generally  used 
to  separate  from  a  ballast  or  a  float 
so  that  a  package  of  interest  can  be 
recovered  or  otherwise  deployed. 

Scientists  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San 
Diego,  California,  have  developed 
a  dual-action  pressure  release 
device  that  is  self-resetting  and 
resistant  to  environmental  and 
dynamic  load  influences. 

The  improved  two-stage  device 
is  armed  (set)  at  one  pressure  and 
activated  at  a  lesser  pressure.  The 
setting  and  releasing  pressures  are 
substantially  less  than  the 
extremely  high  pressures  that  the 
device  can  withstand.     A  pair  of 


biasing  springs  and  a  diaphragm 
with  a  specifically  contoured  solid 
stop  prevent  deformation  and  any 
sliding  of  sealing  surfaces  to  avoid 
failure,  making  the  device 
extremely  reliable.  Since  there  are 
no  sliding  seals  or  excessive 
stresses,  the  device  has  special 
benefit  as  an  underwater  release 
mechanism  for  oceanographic 
equipment  or  for  various  types  of 
Navy  deep  submergence  systems. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150304/TN 
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Averaging  Sampled  Sensor  Outputs  To  Detect  Failures 

Fluctuating  signals  are  smoothed  by  taking  consecutive  averages. 


A  sampling-and-averaging  technique 
processes  noisy  or  otherwise  erratic  sig- 
nals from  a  number  of  sensors  to  obtain 
indications  of  failures  in  a  complicated  sys- 
tem that  contains  the  sensors.  Though  the 
technique  was  devised  to  detect  faults  in 
the  Space  Shuttle  main  engine,  the  un- 
derlying concept  could  prove  useful  in 
monitoring  automotive  engines,  chemical- 
processing  plants,  powerplants,  and  other 
systems  in  which  the  outputs  of  sensors 
contain  noise  or  other  fluctuations  in  the 
measured  quantities. 

The  output  of  each  sensor  is  sampled 
periodically  (eg.,  every  few  milliseconds), 
and  an  average  is  computed  from  samples 
taken  during  an  averaging  period  of,  say, 
80  to  100  ms.  This  sampling-and-averaging 
procedure  is  repeated  during  subsequent 
sampling  periods,  providing  a  sequence 
m  averages.  One  can  also  multiply  each 
average  by  the  averaging  period  to  obtain 
the  integral  average,  which  is  an  approx- 
imation of  the  integral  of  the  signal  during 
the  averaging  period.  In  the  average  or  in- 


tegral average,  noise  and  other  short-term 
fluctuations  are  suppressed  more  than  are 
the  more-smoothly-varying  components  of 
the  signal.  In  effect,  the  sequence  of  aver- 
ages or  integral  averages  is  a  sequence 
of  samples  of  a  smoothed  or  low-pass-fil- 
tered version  of  the  signal. 

The  sequence  of  averages  or  integral 
averages  is  recorded.  The  standard  devia- 
tion of  all  the  averages  or  integral  averages 
in  the  sequence  from  the  beginning  of  op- 
eration up  to  the  present  moment  is  com- 
puted. At  the  beginning  of  a  nominally- 
steady-state  operating  condition,  "a  safe- 
ty band"  of  three  standard  deviations  com- 
puted from  past  measurements  is  placed 
around  the  average  of  the  averages  in  the 
sequence  from  past  measurements.  This 
precomputed  "safety  band"  is  used  for  a 
specified  period  (e.g.,  2  seconds).  There- 
after, the  integral  average  is  updated  every 
averaging  period  to  incorporate  the  latest 
average  or  integral  average.  If  the  most  re- 
cent average  or  integral  averages)  from 
a  given  sensor  falls  outside  its  most-re- 


cently-computed safety  band  during  a  spe- 
cified number  of  consecutive  averaging 
periods  (or  if  this  occurs  for  all  sensors  in 
a  specified  group  during  one  or  more  con- 
secutive averaging  periods),  then  an  alarm 
can  be  given. 

This  sampling-and-averaging  technique 
can  be  used  under  both  transient  and 
steady-state  conditions.  In  contrast,  prior 
sampling-and-averaging  techniques  could 
not  handle  transients.  An  additional  advan- 
tage of  the  new  technique  is  that  a  con- 
tinuous increase  or  decrease  in  a  se- 
quence of  averages  or  integral  averages 
indicates  a  trend  that  could  lead  to  a 
failure.  Such  a  trend  is  less  sensitive  to 
fluctuations  in  the  signal  than  are  the 
averages  themselves. 

This  work  was  done  by  Hagop  V. 
Panossian  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center.  No 
further  documentation  is  available. 
MFS-297197TN 
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Cha  racteri  stic- Wave 
Approach  Complements 
Modal  Analysis 

Aspects  of  estimation  of 
unmodeled  dynamics 
are  discussed. 

A  report  discusses  the  solution  of  the 
nonhomogeneous  governing  matrix  equa- 
tion for  the  dynamics  of  short  vibrational 
pulses  propagating  as  characteristic  waves 
in  a  large  structure.  These  characteristic 
waves  are  used  to  estimate  that  portion  of 
the  vibrational  response  that  is  not  repre- 
sented by  a  finite-element  mathematical 
model  of  the  structure.  It  is  necessary  to 
take  this  approach  because  such  a  finite- 
dimensional  approximation  of  a  distributed- 
parameter  system  like  a  large  structure 
can  fail  to  describe  the  contribution  of  high 
frequencies  to  dynamic  responses  in  cases 
of  impulsive  or  concentrated  loads. 

The  structure  is  considered  to  be  excit- 
ed by  the  application  of  repeated  stress 


pulses  to  specified  joints.  The  general  solu- 
tion to  the  resulting  nonhomogeneous 
equation  is  a  closed-form  matrix«vector 
equation  for  the  stress  propagating 
through  a  given  joint  at  a  given  time  step  as 
a  function  of  the  applied  pulses  and  of  a 
matrix  defined  by  the  coefficients  of  trans- 
mission and  reflection  at  the  joints.  Fourier 
series  are  chosen  to  represent  the  repeat- 
ed stress  pulses.  It  is  shown  how  to  use  Z 
transforms  to  solve  the  wave  equation  for 
the  responses  at  discrete  times. 

This  type  of  analysis  is  applied  to  ana- 
lyze the  response,  to  repeated  pulses,  of  a 
beam  clamped  at  one  end  and  free  at  the 
other.  In  particular,  it  is  shown  that  under 
appropriate  conditions,  the  steady-state  re- 


sponse can  exceed  the  excitation.  This 
condition  is  associated  with  resonance.  In 
general,  this  analysis  shows  all  the  qualita- 
tive characteristics  that  occur  under  arbi- 
trary periodic  excitations  of  the  beam.  It 
also  shows  those  of  quasi-periodic  excita- 
tions, inasmuch  as  such  excitations  can  be 
obtained  by  linear  superpositions  of  period- 
ic excitations. 

This  work  was  done  by  Michail  Zak  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Characteristic  Wave  Ap- 
proach as  a  Complement  to  Modal 
Analysis,"  NPO  17741/TN. 
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Cheap  Corner  Reflectors  for  Radar 

Retroreflectors  are  made  from  readily  available  materials  at  a  small  fraction  of  their  usual  cost. 


Corner  reflectors  for  radar  can  be  con- 
structed easily  and  inexpensively.  Made  of 
plastic  pipe  and  wire  mesh,  the  reflectors 
can  be  built  at  a  cost  of  about  $20  a  piece 
for  materials  (1988  prices).  In  contrast, 
conventional  all-aluminum  reflectors  can 
cost  $600  to  $1,000  a  piece. 

A  corner  reflector  is  retroreflective;  that 
is,  a  radar  signal  that  strikes  any  of  its  three 
mutually  perpendicular  surfaces  is  reflect- 
ed back  to  the  source.  Corner  reflectors 
are  used  as  targets  for  the  calibration  of 
radars  and  as  markers  to  identify  points  in 
radar  imaging.  Because  the  corner  reflec- 
tors are  typically  deployed  in  groups  of  10 
or  more,  the  new  design  can  reduce  costs 
significantly. 

The  materials  for  the  new  reflectors  can 
be  found  in  hardware  and  building-supply 
stores.  No  special  skills  or  tools  are  needed 
for  assembly.  Panel  frames  are  built  from 
schedule  40  polyvinyl  chloride  (PVC)  pipe 
and  standard  fittings,  bonded  together  with 
joint  cement.  A  panel  frame  may  be  triang- 
ular or  square  (see  figure)  and  may  range 
in  size  from  0.2  to  2.5  m  on  a  side. 

The  frame  is  covered  with  wire  mesh 
such  as  poultry  wire,  hardware  cloth,  or  ex- 
panded metal.  For  efficient  reflection,  the 
holes  in  the  mesh  should  be  smaller  than 
one-fourth  the  radar  wavelength.  Self-tap- 
ping screws  and  plastic  cable  ties  hold  the 
mesh  to  the  frame.  Fabric-backed  alumi- 
num tape  covers  the  rough  edges  of  the 
mesh. 

Three  covered  panels  are  assembled 
with  bolts  so  that  their  edges  overlap.  With 
reasonable  care,  the  panels  can  be  posi- 
tioned so  that  they  are  mutually  perpen- 
dicular to  within  1  °. 

This  work  was  done  by  E.  R.  Caro  and  L 
J.  Olivieri  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17658/TN 
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DETAIL  OF  CORNER  OF  FRAME 


REFLECTOR  WITH  SQUARE  PANELS 
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DETAIL  OF  PIPE  JOINT,  SHOWING 
INTERNAL  REINFORCEMENT 


Wire  Mesh  on  Plastic  Pipe  forms  retroreflective  panels  of  triangular  or  square  shape.  Panels 
are  joined  by  bolts  and  wingnuts.  Overlapping  panel  edges  ensure  mutual  perpendicularity. 
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Designing  Digital  Control  Systems  With  Averaged  Measurements 

Rational  criteria  represent  an  improvement  over  "cut-and-try"  approach. 


A  recent  development  in  the  theory  of 
control  systems  has  yielded  improvements 
in  the  mathematical  modeling  and  design 
of  digital  feedback  controllers  that  use 
time-averaged  measurements.  This  is  an 
important  development  because  the  digital 
outputs  in  many  practical  systems  are 
time-averaged  measurements  of  the  quan- 
tities of  interest  between  the  designated 
sampling  instants.  Previously,  most  theo- 
retical treatments  were  based  on  the  often- 
incorrect  assumption  that  the  sampled  out- 
puts are  instantaneous  measures  of  those 
quantities  at  the  sampling  instants. 

In  conventional  practice,  one  ignores 
the  averaging  effect  in  formulating  the  ini- 
tial mathematical  model  of  the  plant  to  be 
controlled.  One  designs  the  feedback  con- 
troller, then  simulates  the  closed-loop  sys- 
tem to  determine  whether  the  perform- 
ance is  acceptable.  If  it  is  not  acceptable, 
one  iterates  the  design  and  simulation 
phases  until  it  is.  However,  by  using  one  of 
the  new  formulations  for  systems  with 
time-averaged  measurements,  the  design- 
er can  take  the  averaging  effect  into  ac- 
count when  modeling  the  plant,  thus  elim- 
inating the  need  to  iterate  the  design  and 
simulation  phases. 

The  best  formulation  for  a  given  plant  is 
the  one  for  which  the  number  of  states  in 
the  discrete  equations  of  state  is  the  least. 
In  general,  this  is  the  formulation  that  yields 
n  states,  where  n  is  the  size  of  the  square 
matrix  that  describes  the  state  of  the  sys- 
tem. In  this  formulation,  it  is  necessary  to 
modify  the  output  time-averaged  measure- 
ments by  subtracting  correction  terms  that 
are  delayed,  transformed  versions  of  the 
input  control  vector  (see  figure). 

When  it  is  impossible  or  undesirable  to 


modify  the  averaged  measurements,  then 
one  should  use  whichever  of  the  other 
formulations  yields  the  fewest  states.  Thus, 
if  the  plant  has  fewer  averaged  measure- 
ments than  control  inputs,  one  should 
choose  the  formulation  that  yields  n+p 
states  (where  p  =  the  number  of  averaged 
measurements).  If  the  plant  has  fewer  con- 
trol inputs  than  averaged  measurements, 
then  one  should  choose  the  formulation 


that  yields  n  +  r  states  (where  r  =  the  num- 
ber of  control  inputs).  If  p  =  r,  then  the 
choice  is  arbitrary. 

This  work  was  done  by  Michael  E.  Polites 
and  Guy  0.  Beale  of  Marshall  Space 
Flight  Center. 
MFS-28362/TN 
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ABOVE  SYSTEM  WITH  MODIFICATION  OF 
TIME  AVERAGED  MEASUREMENT  VECTOR 


Modification  of  the  Averaged  Measurement  Vector  by  a  delayed,  transformed  input  control 
vector  is  one  of  several  ways  of  accounting  for  the  time-averaging  effect  in  mathematical 
modeling  and  design. 
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Dielectric  Medium 


SLIGHTLY  ROUGH  SURFACE 


Classification  of  Radar  Scatterers  Via  Polarimetric  Data 

Scattering  mechanisms  are  identified  via  polarization  signatures. 

An  algorithm  automatically  classifies 
the  radar-backscattering  mechanisms  in 
images  produced  by  a  synthetic-aperture- 
radar  polarimeter.  The  algorithm  uses  the 
full  polarimetric  data  from  each  picture 
element.  These  data  can  generally  be  ex- 
pressed in  terms  of  a  complex  2  by  2  scat- 
tering matrix  equivalent  to  three  indepen- 
dent amplitudes  and  three  independent 
phases  that  represent  the  relationships 
between  the  horizontally-  and  vertically- 
polarized  components  of  the  transmitted 
and  backscattered  signals. 

The  algorithm  constructs  the  Mueller 
matrix,  which  is  a  4  by  4  matrix  derived 
from  products  of  scattering  parameters 
and  their  complex  conjugates.  It  classifies 
the  scattering  mechanism  of  each  picture 
element  by  comparing  the  polarization 
properties  expressed  in  its  Mueller  matrix 
with  the  polarization  properties  expressed 
in  the  Mueller  matrices  of  mathematical 
models  of  three  simple  types  of  scatterers: 
a  slightly  rough  surface,  a  dihedral  corner 
reflector,  and  an  area  (e.g.,  a  forest)that  ex- 
hibits a  large  amount  of  diffuse  scattering 
(see  figure). 

In  an  experimental  application  to  a  po- 
larimetric radar  image  of  the  San  Francis- 
co Bay  area  in  California,  the  algorithm 
classified  scattering  by  the  ocean  as  simi- 
lar to  that  predicted  by  the  model  of  the 
slightly  rough  surface.  Scattering  by  the  ur- 
ban area  was  classified  as  being  similar  to 
that  predicted  by  the  model  of  the  dihedral 
corner  reflector.  Scattering  by  the  Golden 
Gate  Park  was  classified  as  being  similar  to 
that  predicted  by  the  model  of  the  forest. 
The  large  diffuse  component  in  the  back- 
scattering  from  an  area  in  San  Francisco 
where  the  streets  made  an  angle  of  about 
45°  with  the  line  of  sight  of  the  radar 
caused  that  area  to  be  classified  as  having 
a  radar  appearance  similar  to  that  of 
forest.  The  algorithm  also  classified  the 
scattering  by  a  lighthouse  in  the  ocean  and 
boats  on  the  surface  of  the  ocean  as  being 
similar  to  that  predicted  by  the  model  of  the 
dihedral  corner  reflector,  making  it  easy  to 
identify  such  an  object  against  the  back- 
ground of  the  surrounding  ocean.  forested  area  with  much  diffuse  backscattering 

The  algorithm  was  also  applied  to  vege- 
tated areas.  Scattering  from  clear-cut         The  Type  of  Scatterer  in  each  picture  element  of  a  polarimetric  radar  image  is  identified  by 
areas  and  agricultural  fields  was  found  to         tne  similarity  of  its  radar-backscattering  polarization  properties  to  the  radar-backscattering 
be  mostly  similar  to  that  predicted  by  the         polarization  properties  of  one  of  these  mathematical  models. 
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model  of  the  slightly  rough  surface.  In 
areas  covered  by  trees,  there  was  a  mix- 
ture of  picture  elements  for  which  the  scat- 
tering was  similar  to  that  predicted  by  all 
three  models.  As  the  angle  of  incidence  in- 
creased, more  picture  elements  were  class- 
ified as  forested  areas  because  the  ran- 
dom scattering  from  the  canopies  became 
stronger  relative  to  the  scattering  attribut- 
able to  dihedral  corner  reflectors  and 


slightly  rough  surfaces,  "mis  is  a  conse- 
quence of  the  thicker  effective  canopy 
through  which  the  doubly  reflected  signals 
and  the  direct  backscatter  from  the  ground 
have  to  pass  through  before  reaching  the 
receiver. 

Other  results  show  that  the  return  from 
an  area  with  dead  trees  en  ground  satur- 
ated with  water  is  different  from  the  return 
from  a  normal  area  covered  with  trees. 


Also,  the  results  show  that  in  areas  wili 
lakes  surrounded  by  forests,  a  strong 
double-bounce  effect  is  observed  on  the 
far  shores  of  the  lakes  because  of  reflec- 
tions from  the  surfaces  of  the  lakes  onto 
the  trees  on  the  shore,  followed  by  reflec- 
tion from  these  trees  back  to  the  receiver. 
This  work  was  done  by  Jakob  J.  Van  Zyl 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17373/TN 
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Electronically  Scanned  Laser  Rangef  inder 

A  system  would  measure  distances  to  objects  in  front  of  a  vehicle. 


A  proposed  electronic  laser  scanner 
would  sweep  across  its  field  of  view  without 
any  moving  parts,  measuring  the  distances 
to  objects  between  0.5  and  20  meters  away. 
The  scanner  would  guide  a  robotic  vehicle 
around  obstacles. 

In  a  conventional  laser  scanner,  the 
laser  is  moved  by  panning  and  tilting 
mechanisms  to  steer  the  beam.  The  equip- 
ment is  bulky  and  complex  and  consumes 
substantial  power.  The  proposed  scanner 
would  scan  electronically  rather  than 
mechanically.  It  would  be  immune  to  the 
wear,  stress,  and  breakage  to  which  me- 
chanical scanners  are  subject. 

An  array  of  laser  diodes,  each  oriented 
in  a  precise  angular  increment  from  its 
neighbor,  would  be  turned  on  and  off  in  se- 
quence (see  figure).  This  mode  of  opera- 
tion would,  in  effect,  move  a  beam  across 
the  field  of  view,  column  by  column  and 
row  by  row. 

A  charge-coupled-device  (CCD)  cam- 
era, mounted  on  the  vehicle  at  a  fixed  dis- 
tance from  the  array  of  laser  diodes,  would 
intercept  beams  reflected  from  targets.  A 
microprocessor  on  the  vehicle  would  cal- 
culate the  distance  of  a  target  by  triang- 
ulation  from  the  measured  angle  of  the 
reflected  beam,  the  known  angle  of  the 
transmitted  beam,  and  the  known  distance 
between  the  camera  and  the  array. 

A  practical  design  would  probably  call 
for  two  CCD  cameras  to  obtain  accurate 
measurements  over  a  large  range  of  dis- 
tances. A  wide-angle  camera  would  be 
used  for  distances  from  0.5  to  5  m  and  a 
narrow-angle  camera  would  be  used  for 
targets  from  5  to  20  m.  The  accuracy  of 
measurements  with  the  dual  cameras  is 
estimated  at  1  to  3  percent  of  the  distance 
to  the  target. 

A  triangulation  calculation  would  be 


done  for  each  scanned  row  in  the  array. 
The  composite  scans  for  each  row  would 
show  all  targets  in  the  field  of  view.  Current- 
ly available  CCD  cameras  can  produce  full 
composite  scans  many  times  per  second, 
so  that  the  relationship  of  the  vehicle  to  ob- 


jects in  its  path  can  be  updated  frequently. 
This  work  was  done  by  Katsutnori 
Shimada  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.. 
NP0-17571/TN 
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The  Robotic  Vehicle  Would  Scan  vertically  and  horizontally  to  detect  objects  in  its  path.  The 
scanning  would  be  done  electronically,  with  no  mechanical  movement.  A  microprocessor  on 
board  would  calculate  the  distances  to  objects  by  triangulation.  Specifically,  R  and  D  are  cal- 
culated from  B  and  p  (which  are  known  in  advance)  and  a  and  6  (which  are  measured  by  the 
camera). 
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Fixed-Position  Isolation  Valve 

A  lightweight,  compact  device  blocks  or  allows  flow. 


A  connection  box  and  mating  plugs  con- 
stitute a  device  to  allow  or  block  the  flow  of 
fluid.  The  device  acts  as  an  isolation  valve 
in  the  sense  that  it  can  be  set  in  the  open  or 
closed  configuration.  However,  it  is  not 
strictly  a  valve  in  the  sense  that  the  con- 
figuration cannot  be  changed  during  oper- 
ation without  spilling  the  fluid.  The  device  is 
intended  for  use  where  changes  between 
the  open  and  closed  configurations  are 
meant  to  be  infrequent.  The  principle  vir- 
tues of  the  device  are  its  light  weight  and 
compactness. 

When  assembled,  the  device  includes  a 
body,  an  outer  cap,  an  inner  cap,  and  either 
a  long  or  a  short  plug.  Two  O-rings  seal  the 
caps  and  one  O-ring  seals  the  plug  to  the 
body,  so  that  the  seals  are  triply  redundant 
for  extra  protection  against  leaks. 

The  long  plug  is  screwed  into  the  body 
when  it  is  desired  to  block  the  flow  The 
combination  of  a  polytetrafluoroethylene 
coat  and  the  wedge  action  of  its  conical 
surface  provide  a  tight  seal  when  this  plug 
is  seated  and  tightened.  The  short  plug  is, 
in  effect,  a  third,  innermost  cap  and  is  used 
when  the  flow  is  not  to  be  blocked. 

This  work  was  done  by  Frank  S.  McKulla, 
Louis  V.  Leonardi,  and  Siu  Chun  of  RCA 
Corp.    for  NASA's  Jet   Propulsion 
Laboratory. 
NPO-17707/TN 
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The  Long  or  Short  Plug  is  used  to  block  or  allow  flow  between  the  two  pipes  connected  to  the 
body.  Three  O-rings  provide  redundant  seals.  Dimensions  are  in  inches  and  are  for  example 
only. 
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Positioning  X-Ray  Film  by  Balloon 

Film  is  placed  securely  against  a  wall,  without  wrinkles. 


An  inflated  balloon  holds  x-ray  film 
against  the  inside  wall  of  a  duct  for  radio- 
graphic inspection.  The  balloon  ensures 
that  the  film  is  positioned  in  contact  with  a 
welded  joint  far  along  the  duct  from  the 
opening  through  which  it  is  inserted,  so  that 
a  clear  x-ray  image  of  the  joint  can  be  ob- 
tained. 

Heretofore,  films  with  magnets  inside 
ducts  were  maneuvered  into  position  by 
use  of  magnets  outside  the  ducts.  This 
method  is  tedious  and  time-consuming 
and  positions  the  film  only  approximately. 
Moreover,  the  film  can  easily  become 
wrinkled  and  disoriented. 

In  the  new  method,  the  film  is  rolled 
around  the  deflated  balloon  before  being 
inserted  in  the  duct  (see  figure).  The  film  is 
clamped  at  the  end  of  a  segmented  flexible 
cable  and  fed  with  the  balloon  into  the  duct 
to  the  predetermined  point  at  which  the  in- 
spection will  be  made,  as  indicated  by  the 
length  of  cable  paid  out.  The  balloon  is  in- 
flated through  a  long  tube  from  the  outside, 
pressing  the  film  against  the  wall.  The  film 
is  also  maintained  in  the  same  orientation 
with  which  it  is  inserted  in  the  duct. 

7?7/s  work  was  done  by  Frederich  Windbiel 
and  Kamal  Guirguis  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is 
available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29588/TN. 
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SECTION  A-A 

The  Deflated  Balloon  Easily  Passes  with  rolled  film  to  the  inspection  site  in  duct.  When  in- 
flated, the  balloon  secures  the  film  against  the  inner  wall  of  the  duct,  where  it  is  exposed  to 
x-rays  generated  outside  the  duct. 
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Response  of  Ceramic 
Insulation  to 
Aerothermodynamic 
Heating 

A  simplified  theoretical  model 
predicts  the  thermal  behavior 
of  composite  materials. 

The  thermal  conductivities  determined 
from  an  engineering  model  can  be  used  to 
predict  accurately  the  thermal  responses 
of  multicomponent  insulation  on  space- 
craft, a  study  has  found.  The  types  of  insu- 
lation studied  include  such  composite 
parts  as  an  alumina-enhanced  thermal 
barrier  backed  by  low-density  fibrous  re- 
fractory material.  Multicomponent  insula- 
tion could  be  used  in  future  spacecraft  and 
will  be  exposed  during  reentry  and  aero- 
braking  maneuvers  in  the  outer  atmos- 
phere to  environments  even  harsher  than 
that  of  the  Space  Shuttle. 

The  study  showed  that  the  internal  re- 
sponses of  various  types  of  multicompo- 
nent insulation  to  aerothermodynamic  heat- 
ing can  be  calculated  with  the  help  of  a 
computer  program  that  implements  an  en- 
gineering model  for  thermal  conductivity. 
The  transfer  of  heat  by  internal  radiation 
plays  a  major  role  in  the  responses  of  fi- 
brous materials  at  high  temperatures  and 
is  incorporated  into  the  model  and  pro- 
gram. 

A  high-energy  airstream  was  directed  at 
specimens  by  passing  air  through  a  con- 


stricted-arc heater  and  expanding  it  through 
a  conical  nozzle.  Temperatures  on  the  sur- 
faces of  the  specimens  were  as  high  as 
1,800  K.  Hypersonic  flow  through  the  test 
chamber  was  attained  by  maintaining  a 
constant  airmass  flow  rate  and  the  ap- 
propriate pressure  ratio  between  the  arc 
heater  and  heat  exchanger  located  at  the 
outlet  of  the  chamber. 

The  specimens  consisted  of  tapered  in- 
sulation rings  surrounding  disks,  the  flat 
faces  of  which  were  exposed  to  the  air- 
streams.  Each  disk  was  made  of  two  differ- 
ent insulating  materials  bonded  together 
with  a  layer  of  glass  adhesive.  The  outer 
surface  of  the  model  was  coated  with  a  re- 
action-cured glass.  Six  thermocouples 
were  installed  in  each  disk:  one  just  under 
and  in  contact  with  the  glass  coating,  one 
in  contact  with  the  glass  bond,  and  four 
others  at  various  depths  in  the  disk. 

The  thermal-conductivity  model  repre- 
sents the  material  in  terms  of  interlocking 
walls  of  fibers  that  define  uniform  cubic 
pores.  Anisotropy  is  represented  by  plac- 
ing fewer  fibers  in  the  walls  oriented  along 
the  weak  direction.  One-dimensional  flow 


of  heat  with  additive  contributions  of  con- 
duction in  the  solid,  conduction  in  the  gas, 
and  radiation  are  assumed. 

The  thermal-conductivity  model  and 
program  were  combined  with  a  thermal-re- 
sponse program  that  executes  an  implicit 
finite-difference  procedure  for  the  calcula- 
tion of  the  transient  transport  of  thermal 
energy  through  a  one-dimensional  isotrop- 
ic material.  The  combination  program  pre- 
dicted the  dependence  of  the  temperature 
upon  time  and  depth  in  the  specimens  dur- 
ing exposure  to  the  arc  jet.  The  input  data 
for  the  computation  included  the  composi- 
tion of  each  material  in  the  composite, 
physical  properties  from  the  engineering 
model,  and  average  values  of  an  emit- 
tance-adjustment  parameter  and  a  bond- 
ing efficiency  parameter. 

This  work  was  done  by  David  A.  Stewart 
and  Daniel  B.  Leiser  of  Ames  Research 
Center.  To  obtain  a  copy  of  the  report, 
"Thermal  Response  of  Integral  Multicom- 
ponent Composites  to  a  High-Energy  Aero- 
thermodynamic Heating  Environment  with 
Surface  Temperature  to  1800°  K,"  ARC- 
12156/TN. 


i 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


( 


1075 


IWNSATech  Brief 


National  Aeronautics  and 
ft     Space  Administration 


Licensing 
Opportunity 


Shock-Absorbing, 
Retractable  Docking 
Mechanism 

The  new  version  would  save 
considerable  weight. 

A  brief  report  contains  a  description  and 
drawings  of  a  conceptual  clocking  mecha- 
nism that  would  join  the  Space  Shuttle  or- 
biter  with  the  proposed  Space  Station.  The 
new  mechanism  would  weigh  about  1,500  lb 
(680  kg)  less  than  the  previous  version. 

According  to  the  previous  concept,  the 
docking  mechanism  and  the  associated 
pressure-vessel  docking  module  were  to 
be  carried  aloft  by  the  Space  Shuttle  on 
every  trip  to  the  Space  Station.  In  the  new 
conceptual  system,  the  docking  module 
would  be  left  on  the  Space  Station  after 
assembly,  and  only  the  clocking  mecha- 
nism would  be  carried  aboard  the  Space 
Shuttle. 


The  clocking  mechanism  would  include 
eight  actuator/attenuators  —  legs  equipped 
with  shock  absorbers  and  motor-driven 
ball  screws.  The  actuator/attenuators 
would  extend  or  retract  to  deploy  or  store  a 
docking  structure  containing  a  docking 
ring,  guides,  latches,  and  a  bulkhead 
adapter.  The  attenuators  would  reduce  the 
loads  of  the  docking  impact  by  absorbing 
an  approach  stroke  of  33  in.  (0.83  m).  The 
docking  module  on  the  Space  Station 
would  include  a  mating  ring-and-guide 
structure  and  trunnions  for  the  final  tie. 

This  work  was  done  by  Jon  B.  Kahn 
of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 


a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21327/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Stabilizing  Wheels  for  Rover  Vehicle 

Extra  wheels  would  prevent  tipping,  aid  in  climbing  banks,  and  help  in  righting  after  overturning. 


A  proposed  articulated,  normally-four- 
wheeled  vehicle  would  hold  an  extra  pair  of 
wheels  in  reserve.  The  extra  wheels  could 
Pe  deployed  to  lengthen  the  wheelbase  on 
slopes,  thereby  making  the  vehicle  more 
stable.  The  extra  wheels  could  also  be 
deployed  to  aid  the  vehicle  in  negotiating  a 
ledge  or  to  right  the  vehicle  if  it  has  turned 
upside  down.  The  concept  promises  to 
make  remotely  controlled  vehicles  more 
stable  and  maneuverable  in  such  applica- 
tions as  firefighting,  handling  hazardous 
materials,  and  carrying  out  operations  in 
dangerous  locations. 

The  extra  wheels  would  be  drive  wheels 
mounted  on  arms  so  that  they  can  pivot  on 
the  axis  of  the  forward  drive  wheels.  Both 
the  extra  wheels  and  the  arms  could  be 
driven  by  chains,  hydraulic  motors,  or  elec- 
tric motors. 

During  ordinary  travel,  the  extra  wheels 
would  be  kept  out  of  the  way  and  idle.  Dur- 
ing a  dangerous  turn  on  a  steep  slope,  how- 
ever, the  extra  wheels  would  be  deployed 
like  outriggers  to  make  contact  with  the 
ground  (see  Figure  1).  The  deployed 
wheels  would  increase  the  horizontal 
distance  between  the  center  of  gravity  and 
the  point  of  contact  farthest  downhill, 
thereby  enhancing  stability. 

The  extra  wheels  could  also  be  de- 
ployed when  the  forward  main  wheels 
have  encountered  a  steep  bank  and  are 
stalled  (see  Figure  2).  The  arms  of  the  extra 
wheels  would  be  rotated  upward  and  for- 
ward to  bring  the  extra  wheels  to  the  top  of 
the  bank.  As  soon  as  the  extra  wheels 
would  make  contact  with  the  terrace,  they 
would  start  driving,  along  with  the  main 
wheels,  lifting  the  front  of  the  vehicle  to  the 
terrace.  The  arms  of  the  extra  wheels 
would  rotate  rearward  until  the  extra 
wheels  make  contact  with  the  ledge  be- 
hind the  front  wheels.  They  would  start 
driving  again  to  help  the  rear  wheels  boost 
the  entire  vehicle  to  the  terrace.  When  the 
vehicle  has  fully  mounted  the  bank,  the  ex- 
tra wheels  would  be  returned  to  their  origi- 
nal position.  The  main  wheels  would  once 
again  drive  the  vehicle  forward. 

When  the  vehicle  has  overturned,  the 
arms  would  be  rotated  to  bring  the  extra 
wheels  to  the  front  of  the  vehicle.  At  the 
same  time,  the  forward  main  wheels  would 
be  rotated  on  their  arms  toward  the  rear. 
The  extra  wheels  would  drive  so  as  to  raise 


arms  and  wheels  would  brace  the  vehicle 
during  this  maneuver.  Finally,  the  arms  of 
the  main  wheels  would  return  the  main 
wheels  to  their  normal  position,  and  the  ex- 
tra arms  and  wheels  would  return  to  their 
original  position. 

This  work  was  done  by  Earl  R.  Collins, 
Jr.,  ofCaltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL. 
Refer  to  NP0-17495/TN. 


iNINQ  ON  A  STEEP  SLOPE 


Figure  1.  When  the  Vehicle  Travels  on  a 

relatively-flat,  level  surface,  the  extra 
wheels  are  nested  out  of  the  way.  On  a 
steep  slope,  arms  move  the  extra  wheels 
downward  so  that  they  prevent  the  vehicle 
from  tipping  over.  In  the  configuration 
shown  here,  the  extra  wheels  provide  sup- 
port on  slopes  up  to  40°. 

the  front  of  the  vehicle  and  continue  to 
drive  and  rotate  on  their  arms  until  they 
make  contact  with  the  rear  main  wheels. 
At  that  point,  the  extra  wheels  would  lock 
and  the  rear  main  wheels  would  drive, 
climbing  the  extra  wheels.  The  rear  wheels 
would  rotate  forward  on  their  arms  until 
they  would  climb  on  the  forward  main 
wheels,  turning  the  vehicle  over.  The  extra 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354^849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 


4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


Figure  2.  In  this  Ledge-Climbing  Sequence 

(above),  the  extra  wheels  move  forward,  pull 
up  the  front  main  wheels,  and  rotate  to  help 
the  rear  main  wheels  climb.  To  right  the 
upside-down  vehicle  (below),  the  extra 
wheels  move  forward,  raise  the  front  of  the 
vehicle,  and  lock,  allowing  the  rear  wheels 
to  climb  forward.  The  rear  main  wheels  con- 
tinue their  movement  until  they  restore  the 
vehicle  to  its  upright  orientation  and  the  ex- 
tra wheels  have  been  stowed  in  their  out-of- 
service  position. 


CLIMBING  A  LEDGE 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Computer 
Software 


MFIRE:  Mine  Ventilation  and  Fire  Simulation 
Computer  Program 


Objective 

Create  a  computer  program  to  enable  mining  personnel 
to  analyze  ventilation  systems,  evaluate  proposed  altera- 
tions to  ventilation  systems,  and  prepare  emergency  plans 
based  on  site-specific  hypothetical  fire  scenarios. 

Background 

Quantitative  analysis  of  mine  ventilation  system  per- 
formance using  digital  computers  and  appropriate  com- 
puter simulation  programs  has  become  common.  The 
technique  is  useful  for  designing  ventilation  systems  and 
evaluating  contemplated  system  alterations.  Benefits 
include  improvements  in  safety  and  health  conditions 
underground  as  well  as  increased  productivity. 

Programs  capable  of  simulating  the  effect  of  a  mine  fire 
on  a  ventilation  system  are  valuable  analytic  tools.  They 
permit  quantitative  analysis  of  ventilation  system  per- 
formance under  extreme  fire  and  fume  exposures,  thereby 
enabling  judgments  regarding  the  adequacy  of  escape 
routes,  combustibles  storage,  fire-protection  systems,  and 
other  aspects  of  a  mine  emergency  plan. 

Mine  fire  and  ventilation  interaction  simulators 
represent  a  highly  specialized  category  of  ventilation 
simulation  programs.  In  the  early  1970's,  the  Bureau 
developed  the  first  practical  program  capable  of  evaluating 
mine  fire  and  ventilation  system  interactions.  Designated 
the  MTU-BOM  code,  the  program  determined  the  altered 
state  of  mine  ventilation  due  to  thermal  forces  generated 
by  a  mine  fire,  and  it  calculated  the  concentration  and 
distribution  of  combustion  products  from  the  fire. 

Approach 

Efforts  to  improve  the  first  program  have  con- 
tinued and  MFIRE  is  an  evolutionary  product  of  the 
MTU-BOM  code.  It  has  major  improvements  and  en- 
hancements previously  unavailable  for  modeling  of  mine 
ventilation  networks  and  the  interaction  of  fires  with  mine 
ventilation.  A  limitation  of  the  MTU-BOM  code  is  that  it 
can  model  only  steady-state  fire  and  ventilation  conditions. 
MFIRE,  however,  can  accommodate  transient-state 
simulation  with  dynamic  modifications  of  the  ventilation 
system  and  the  fire  and  resulting  product  of  combustion 
(POC)  transport  and  ventilation  alterations. 


MFIRE  performs  normal  ventilation  network  planning 
calculations  and  dynamic  transient-state  simulation  of 
ventilation  networks  under  a  variety  of  conditions.  The 
program  is  useful  for  analysis  of  ventilation  networks 
under  thermal  and  mechanical  influence.  MFIRE  simu- 
lates a  mine  ventilation  system  and  its  response  to  altered 
ventilation  parameters,  external  influences  such  as  tem- 
peratures, and  internal  influences  such  as  fires  and  cooling 
stations.  Extensive  output  enables  detailed  quantitative 
analysis  of  effects  of  proposed  ventilation  system 
alterations.  MFIRE  is  useful  for  planning  and  analysis  of 
ventilation  networks,  simulation  for  emergency  planning, 
and  evaluation  of  fire  detector  layout. 

MFIRE  is  more  flexible  and  provides  more  error  check- 
ing and  informational  messages  relating  to  problems  with 
input  files  than  its  predecessor,  MFIRE  retains  the  desir- 
able features  of  the  MTU-BOM  code  such  as  calculation 
and  identification  of  recirculation,  the  air-to-rock  heat  ex- 
change, and  the  basing  of  calculations  on  mass  flow  rates. 


How  It  Works 

MFIRE,  written  in  Fortran  77  and  compiled  with  Mi- 
crosoft (MS)  Fortran  for  Intel  8088  central  processing 
units  and  8087  math  coprocessors,  runs  on  IBM  or  com- 
patible personal  computers  (PC's).  The  source  code  is 
readily  portable  and  available  for  users  who  wish  to  modify 
the  code  to  operate  on  other  computers. 

The  program  consists  of  four  files:  MF1RE0.EXE, 
MFIRE1.EXE,  MFIRE2.EXE,  and  MFIRE.BAT.  The 
batch  file  MFIRE.BAT  controls  operation  and  cooperation 
of  the  three  executable  program  files  and  the  output. 
Networks  of  up  to  500  airways  and  350  junctions  can  be 
modeled.  Larger  networks  can  be  accommodated  by  in- 
creasing variable  dimensions. 

Input  for  MFIRE  is  in  the  form  of  a  data  file.  The  data 
file  contains  lines  of  numerical  data  describing  the  physical 
mine,  ventilation  parameters  present,  fans,  and  proposed 
thermal  or  mechanical  disturbances.  Free  format  (data 
are  separated  by  delimiters  rather  than  being  column 
specific  and  distinction  between  real  and  integer  numbers 
is  not  necessary)  is  allowed  in  the  data  files.  Output  from 
MFIRE  is  sent  to  a  file  that  can  be  reviewed  and/or 
printed  with  text  editing  software. 
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The  following  equipment  and  software  are  necessary  to 
use  MFIRE: 

1.  IBM  or  compatible  PC  with  MS  or  PC  DOS  2.0  or 
later  version. 

2.  Hard  disk  drive  (not  required  but  highly  desirable). 

3.  Intel  8087  or  compatible  math  coprocessor. 

4.  Random  access  memory  of  at  least  256  kilobytes. 

5.  Text  editor  or  suitable  word  processor. 

To  start  MFIRE,  the  user  types  "MFIRE"  and  follows 
the  instructions  for  user  responses.  A  credits  screen  and 
a  disclaimer  statement  are  presented,  followed  by  a 
prompt  for  the  user  to  identify  the  location  of  the  data 
file.  Depending  upon  the  user-defmed  selection  of  program 
features,  MFIRE  will  sequentially  perform  the  following: 

1.  General  network  balancing. 

2.  Network  balancing  considering  temperatures,  heat 
exchange  with  rock,  and  natural  ventilation. 

3.  Dynamic,  transient-state  modeling  with  user- 
selected  dynamic  fire  growth  and  user-selected  time 
increments  for  updating  the  ventilation  changes  and  spread 
of  contaminants. 

4.  Calculation  of  new  ventilation  equilibrium  because 
of  contaminant  (fire)  presence,  and  distribution  of  the 
contaminants  (POC,  methane,  etc.)  under  the  altered 
steady-state  conditions. 

Comment  lines,  reference  temperature,  air  density,  a 
table  of  units  of  measure  for  results,  and  average  values 
are  shown  at  the  start  of  the  output  file.  Next  are  the 
results  of  the  selected  simulation  in  the  following  order: 
network  balancing,  network  balancing  considering  tem- 
peratures, transient-state  modeling,  and  altered  equilibrium 
due  to  fire  and  contaminant  distribution. 

Depending  upon  the  contents  of  the  data  file  and  the 
simulation  selected,  attention,  warning,  and  error  messages 
will  be  shown  at  locations  where  calculations  resulted  in 
unusual  conditions.  When  the  program  is  running,  tracing 
messages  are  given  on  the  screen  indicating  the  group  and 
lines  of  data  that  have  been  read  and  the  section  of  the 
program  that  is  executing.  Program  termination  indicates 


that  problems  are  caused  by  the  subsequent  (not  read) 
data  file  section. 

For  each  detected  error,  a  descriptive  message  starting 
with  *  ERROR  *  is  issued  and  the  program  terminates. 
When  a  possibly  wrong  value  and/or  its  calculated 
intermediate  result  is  detected,  a  descriptive  message 
starting  with  *  WARNING  *  is  issued  and  the  program 
continues.  If  a  modification  of  input  value  or  calculated 
intermediate  result  is  automatically  made  by  the  program, 
a  descriptive  message  starting  with  *  ATTENTION  *  is 
issued  and  the  program  continues. 

For  More  Information 

Documentation  for  installation  and  use  of  MFIRE  is 
contained  in  Bureau  of  Mines  Information  Circular 
(IC)  9245,  "A  User's  Manual  for  MFIRE:  A  Computer 
Simulation  Program  for  Mine  Ventilation  and  Fire 
Modeling."  For  a  free  single  copy  of  this  IC,  write  to  the 
Bureau's  Publication  Distribution  Section,  Building  149, 
P.O.  Box  18070,  Cochrans  Mill  Road,  Pittsburgh,  PA 
15236-0070. 

The  program,  sample  data  files,  and  updates  may  be 
downloaded  from  the  Bureau's  computer  network  with 
the  public-domain  Kermit  communications  program  by 
Columbia  University.  Other  protocols  are  not  supported. 
The  Bureau's  computer  may  be  accessed  by  dialing 
612-725-4770  at  1,200-baud  rate  and  odd  parity.  When 
connected,  type  "Login  BOM",  and  enter  "MINER"  at  the 
password  prompt.  Then  follow  normal  Kermit  procedures 
for  the  download. 

Additional  information  may  be  obtained  by  contacting 
the  principal  investigator: 

Linneas  W.  Laage 

Twin  Cities  Research  Center 

U.S.  Bureau  of  Mines 

5629  Minnehaha  Avenue  South       , 

Minneapolis,  MN  55417-3099 

(612-725-4624) 
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Borehole  Platened  Flatjack  for  Measuring  Changes  in 
Rock  Stress 


Objective 


Provide  a  means  for  reliable  in  situ  stress  change  mea- 
surements in  soft,  friable  geologic  materials  under  high 

stress. 


Background 


Effective  mine  design  requires  a  knowledge  of  changes 
in  rock  stress  generated  by  a  mining  operation.  In  situ 
stress  measurement  can  provide  a  means  of  obtaining  this 
knowledge  from  an  active  mine  for  the  ultimate  purpose  of 
design  verification  and  analysis.  The  Bureau  of  Mines  has 
designed  and  tested  a  device  for  measuring  changes  in 
rock  stress-the  borehole  platened  flatjack  (BPF).  It  has 
found  application  in  investigating  stress  anomalies  due  to 
geologic  structures,  stress  concentrations  from  multiple  HOW  It  WCTkS 
seam  interaction,  and  stress  abutments  from  pillar  retreat 
and  longwall  mining. 


tubing  to  extend  out  of  the  borehole  to  be  instrumented, 
an  appropriate  pressure  gauge  and/or  transducer,  and  a 
valve.  The  flatjack  is  formed  by  flattening  a  length  of 
stainless-steel  pipe,  inserting  hydraulic  tubing  and  a  bleed- 
ing tube,  crimping  the  pipe  around  the  tubes,  and  then 
welding  the  pipe  ends  shut.  The  aluminum  platens  that 
sandwich  the  flatjack  are  machined  to  the  same  diameter 
as  the  borehole  and  to  a  thickness  which,  when  combined 
with  the  thickness  of  the  flatjack,  allows  a  minimum 
clearance  between  the  cell  and  the  borehole  during  instal- 
lation. The  construction  of  the  BPF  is  completed  by  at- 
taching the  gauge  and  valve  assembly  to  the  outby  end  of 
the  tubing  and  then  strapping  the  platens  to  the  flatjack 
using  O-rings.  Once  all  components  of  the  BPF  are  com- 
bined, air  is  evacuated  and  the  unit  is  filled  with  hydraulic 
fluid. 


Design  and  Construction 

The  design  and  construction  of  the  BPF  is  straight- 
forward. The  BPF  components  include  a  stainless-steel 
flatjack,  two  aluminum  platens,  enough  steel  hydraulic 


Installation  and  use  of  the  BPF  is  simple  and  straight- 
forward. A  borehole  of  the  desired  diameter  (typically  2 
or  3  inches)  is  drilled  into  the  rock.  The  flatjack  and  the 
surrounding  platens  are  then  inserted  into  the  borehole  to 
a  desired  depth  and  in  the  desired  orientation.  Insertion 
is  accomplished  through  setting  rods  that  allow  positive 
horizontal  and  rotational  control  of  cell  placement.   Once 


Flatjack 


Platen; 


r  Gauge    r~  Transducer 


Borehole  platened  flatjack  components. 
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▼  BPF  location 
•  Rock  stress,  psi 


i 


Investigation  of  abutment  stresses  generated  by  extraction  of  a  longwall  panel. 


the  flatjack  is  properly  positioned  it  is  expanded  in  the 
hole  to  the  chosen  setting  pressure  (typically  2,500  psi) 
with  a  hydraulic  pump,  and  the  valve  is  closed.  After 
initial  pressurization,  any  change  in  the  hydraulic  pressure 
of  the  cell  corresponds  to  a  change  in  the  stress  of  the 
surrounding  rock.  By  properly  weaving  the  hydraulic 
tubing  through  holes  in  the  platens  of  outby  BPFs,  mul- 
tiple cells  can  be  installed  in  the  same  borehole. 

Conversion  of  the  hydraulic  pressure  change  in  the  BPF 
to  actual  in  situ  stress  change  is  accomplished  with  the 
assistance  of  a  computer  program  called  BPFCAL.  This 
program  combines  the  Kirsch  equations  for  the  displace- 
ment of  a  borehole  under  stress  and  the  analytical  solution 
for  the  platen-borehole  interaction  with  an  empirical  load- 
displacement-pressure  relationship  for  the  flatjack.  The 
length  of  tubing  on  the  BPF,  the  amount  of  hydraulic  fluid 
in  the  installed  cell,  and  the  elastic  moduli  of  the  rock  are 
entered  into  the  program  and  a  calibration  chart  for  that 
particular  BPF  is  produced.  This  chart  can  then  be  used 
to  convert  the  measured  change  in  hydraulic  pressure  to 
actual  in  situ  stress  changes.  The  BPFCAL  program 
automatically  adjusts  for  variable  lengths  of  tubing,  a  bi- 
axial stress  field,  and  radii  mismatch  between  the  platens 
and  the  borehole. 

Test  Results 

Sixteen  vertically  oriented  BPFs  were  installed  in  the 


pillar  of  a  gate  road  to  investigate  abutment  stresses  gen- 
erated by  the  extraction  of  a  longwall  panel.  The  hydraulic 
pressure  changes  in  the  BPFs  were  monitored  as  the  long- 
wall  face  progressed  and  then  were  converted  to  actual 
pillar  stress  changes.  These  stress  changes  and  stress 
change  profiles  provided  by  the  BPFs  are  being  used  to 
optimize  the  pillar  design  and  panel  width  at  the  mine  for 
increased  productivity  and  safety. 


Patent  Status 

No  patent  application  has  been  made  for  this  particular 
hydraulic  pressure  cell  design. 


< 


For  More  Information 


For  additional  information  please  contact: 

Keith  A.  Heasley 

Pittsburgh  Research  Center 

U.S.  Bureau  of  Mines 

Box  18070,  Cochrans  Mill  Road 

Pittsburgh,  PA  15236-0070 

(412-892-6525) 
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In  Situ  Measurement  of  Rock  Mass  Properties  With 
Hydraulic  Borehole  Pressure  Cells 


Objective 

Develop  a  simple  and  practical  technique  to  measure  in 
situ  rock  mass  properties  for  realistic  design  and  stability 
evaluation  of  underground  structures. 

Background 

The  Bureau  of  Mines  has  developed  basic  principles 
and  techniques  to  determine  in  situ  rock  mass  properties 
including  Poisson's  ratio,  deformation  modulus,  and  yield 
and  failure  strengths.  An  instrumentation  package  con- 
sisting of  three  pressure  cells  is  installed  in  a  single  drill 
hole.  Cell  pressure  response  data  are  acquired  and  used 
to  calculate  and  determine  the  rock  mass  properties. 

How  It  Works 


A  test  hole  of  BX  size  (approximately  5.7  cm)  or  larger 
is  drilled  to  the  approximate  depth  of  the  measuring  point. 
The  last  portion  of  the  test  hole  is  drilled  with  precision 
bits  to  EX  size  (approximately  3.8  cm).  The  instrumenta- 
tion package,  which  consists  of  one  3.8-cm-diameter  cy- 
lindrical pressure  cell  (CPC)  and  two  5.7-cm-diameter 
cement-capsulated,  flat  borehole  pressure  cells  (BPC's), 


is  then  installed.  A  complete  history  of  cell  response  to 
changing  strata  loads  is  acquired  on  a  continuous  basis 
with  a  chart-type  hydraulic  pressure  recorder.  From  these 
cell  pressure  data,  Poisson's  ratios,  deformation  moduli, 
and  yield  and  failure  strengths  are  calculated  and 
determined. 

Before  installation  of  the  instrumentation  package,  the 
CPC  is  calibrated  for  its  response  factor  by  pressure 
cycling  it  in  two  metal  cylinders  having  known  elastic 
constants.  Only  three  simple  algebraic  equations  derived 
from  the  elastic  and  viscoelastic  theories  of  plates  and 
thick-walled  cylinders  are  used. 

Test  Results 

An  instrumentation  package  was  installed  in  a  15-m- 
deep  horizontal  hole  drilled  into  a  coal  mine  longwall 
panel  subject  to  470  m  of  overburden.  Cell  pressures  were 
initially  set  at  13.8  megapascals  (MPa)  or  2,000  psi.  Cell 
pressure  data  obtained  during  the  extraction  of  two  adja- 
cent longwall  panels  were  used  to  determine  the  stress- 
dependent  variations  of  Poisson's  ratio  and  deformation 
modulus. 

The  yield  and  failure  strengths  were  determined  by 
visual  inspection  of  the  plot  of  deformation  modulus  versus 
normalized  axial  stress  increment.  The  results  are  shown 
in  the  accompanying  plot.  The  premining  axial  or  vertical 


CPC 


BPC-V 


BPC-H 


Instrumentation  package  for  in  situ  measurement  of  rock  mass  properties. 
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stress  was  10.9  MPa  and  the  premining  confining  or  hori- 
zontal stress  was  9.0  MPa.  Poisson's  ratio  ranged  from 
0.153  to  0.333  and  the  deformation  modulus  ranged  from 
0.25  gigapascal  (GPa)  to  5.04  GPa.  The  yielding  point  or 
yield  strength  was  25.6  MPa  under  13.1  MPa  confining 
(horizontal)  stress  and  ultimate  failure  strength  was  38.6 
MPa  under  13.8  MPa  confining  stress. 

Patent  Status 

No  patent  application  has  been  made  for  this  technique. 


For  More  Information 

For  additional  information  please  contact: 

Paul  H.  Lu 

Denver  Research  Center 

U.S.  Bureau  of  Mines 

Building  20,  Denver  Federal  Center 

Denver,  CO  80225-0086 

(303-236-0745) 
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IWVSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Combined  Borescope  and  Flushing  Wand 

This  dual-purpose  tool  eliminates  trial  and  error  in  removal  of  contamination. 


A  proposed  combination  borescope/ 
flushing  wand  would  let  an  operator  locate 
contaminant  particles  in  narrow,  intricate 
internal  passages  and  simultaneously  re- 
move them.  The  tool  would  eliminate  a  rep- 
etitious trial-and-error  procedure  in  which 
the  operator  first  inserts  a  borescope  into  a 
passage,  then,  when  contamination  is 
found,  removes  the  borescope  and  inserts 
a  flushing  wand,  positioning  its  tip  at  the 
estimated  location  of  the  contamination. 
The  operator  must  reinsert  the  borescope 
to  check  whether  the  contamination  has 
been  dislodged  by  a  jet  of  water  from  the 
wand.  If  not,  the  operator  must  repeat  the 
flushing  operation. 

With  the  new  tool,  the  operator  would 
observe  the  contamination  continuously 
and  would  know  the  position  of  the  tip  of 
the  flushing  wand.  The  operator  would  see 
the  contamination  being  flushed  away. 

The  tool  would  include  a  tube  containing 
pressurized  flushing  water  from  a  pump,  a 
tube  containing  filtered  shop  air,  optical 
fibers  from  a  source  of  light  to  illuminate 
the  contamination,  and  optical  fibers  to  a 
video  camera  and  monitor  to  display  the 
contamination  and  the  flushing  operation 
(see  figure).  The  operator  would  apply  the 
shop  air  to  a  passage  immediately  after 
flushing  it;  the  jet  of  air  would  dry  the 
passage  so  that  residual  flushing  water 
could  not  obscure  the  view. 

77?as  work  was  done  by  Mike  J.  Trost  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 
MFS-29581/TN 
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A  Video  Monitor  Would  Display  a  view  of  contamination  in  an  internal  passage,  while  it  is  being 
flushed  away.  The  operator  would  see  immediately  whether  the  contamination  has  been  re- 
moved. A  plastic  isolator  would  protect  the  borescope.  For  further  protection  and  for  reduc- 
tion of  blurring,  the  borescope  would  be  slightly  recessed  from  the  tip  of  the  wand. 
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System  Detects  Vibrational  Instabilities 

Sustained  vibrations  at  two  critical  frequencies  trigger  diagnostic  response  or  shutdown. 


A  vibration-analyzing  electronic  system 
detects  instabilities  of  combustion  in  a 
rocket  engine.  The  concept  of  the  system 
can  be  adapted  to  other  detection  and/or 
control  schemes  that  involve  the  simulta- 
neous real-time  detection  of  signals  above 
or  below  preset  amplitudes  at  two  or  more 
specified  frequencies.  Potential  applica- 
tions include  rotating  machinery  and  en- 
coders and  decoders  in  security  systems. 

The  vibrations  that  characterize  instabil- 
ities in  the  particular  engine  have  frequen- 
cies of  5.9  and  12  kHz.  Because  the  ampli- 
tudes at  these  critical  frequencies  are 
superimposed  upon  the  overall  vibration 
spectrum  that  covers  a  range  of  frequen- 
cies, simple  monitoring  the  root-mean- 
square  (rms)  amplitude  of  the  overall  vibra- 
tion signal  does  not  reveal  the  instabilities. 
It  is  recessary  to  tune  out  the  components 
at  other  frequencies  and  prevent  false 
alarms.  In  addition  to  performing  these 
functions,  the  vibration-analyzing  system 
acts  as  part  of  the  control  system  for  the 
engine  during  vibration  tests. 

Initially,  the  system  (see  figure)  allows  a 
train  of  externally-generated  80-ms  pulses 
to  control  the  firing  of  the  engine.  The  vibra- 
tions of  the  engine  are  detected  by  a  piezo- 
electric accelerometer.  A  high-pass  filter 
attenuates  frequencies  below  4,825  Hz  in 
the  input  vibration  signal  to  minimize  mix- 
ing effects  that  could  make  spurious  contri- 
butions to  the  detected  amplitudes  at  the 
critical  frequencies.  The  filtered  input  sig- 
nal is  fed  through  amplitude-adjusting  cir- 
cuits, which  set  the  trigger  acceleration 
amplitudes  (in  this  case,  rms  amplitude  40 
times  normal  Earth  gravity)  at  the  critical  fre- 
quencies. 

When  the  amplitude  exceeds  the  preset 
levels,  the  signal  is  analyzed  by  phase- 
locked-loop  integrated  circuits  to  deter- 
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The  Vibration-Analyzing  System  controls  the  pulse-mode  firing  of  an  engine  and  iden- 
tifies vibrations  above  a  threshold  amplitude  at  5.9  and/or  12kHz.  1 


mine  whether  components  at  5.9  and  12 
kHz  are  present.  (Additional  frequencies 
could  be  added  by  adding  other  circuits 
"tuned"  to  those  frequencies,  as  shown  by 
the  dotted  lines.) 

If  either  or  both  of  the  critical  frequen- 
cies are  present,  then  an  adjustable  delay 
circuit  determines  whether  the  preselect- 
ed frequencies  and  amplitudes  are  main- 
tained for  at  least  40  ms.  If  so,  a  latch  cir- 
cuit is  set  to  disable  the  train  of  80-ms 
pulses  and  replace  it  with  a  single  2-s  firing 
pulse.  During  this  long  pulse,  the  vibration 
signal  is  analyzed  by  an  external  recording 
device  to  determine  whether  the  instability 
is  sustained  once  it  is  detected.  If  it  is  sus- 
tained, then  a  flashing  red  light  alerts  the 
operators  to  the  instability  and  continues 
flashing  until  the  system  is  reset  or  turned 
off. 

This  work  was  done  by  Richard  J. 


Bozeman,  Jr.,  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Off  ice- J  PL. 
Refer  to  MSC-21408/TN. 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Thermal-Transient  Testing  of  Turbine  Blades 

A  thin  surface  layer  is  heated  rapidly. 


A  testing  apparatus  applies  pulses  of 
heat  to  a  turbine  blade  to  determine  its 
resistance  to  thermal  fatigue.  The  unit  uses 
nonintrusive  inductive  heating  and  records 
the  distribution  of  temperature  on  the  blade 
with  an  infrared  video  camera.  It  allows 
precise  control  of  heating  and  cooling. 

The  unit  is  designed  for  testing  blades 
used  in  advanced  high-pressure,  high- 
temperature  turbines.  Such  blades  are 
damaged  by  thermal  fatigue  from  thermal 
transients  and  large  differences  of  temper- 
ature. During  the  thermal  transient  at  the 
start  of  operation,  the  material  at  the  sur- 
face of  a  blade  can  be  stressed  beyond  its 
yield  stress,  causing  it  to  undergo  low  cycle 
fatigue  damage  and  incipient  cracking 


An  Infrared  Camera  Views  a  Turbine 
Blade,  to  make  a  map  of  the  temperature 
on  its  surface.  The  blade  is  alternately 
heated  by  induction  current,  then  cooled 
by  flow  through  the  housing. 


after  a  number  of  starts. 

The  apparatus  (see  figure)  generates 
heat  in  a  thin  layer  on  the  blade,  simulating 
approximately  the  effect  of  the  start  of 
operation  of  the  turbine.  It  uses  high-fre- 
quency currents  to  induce  heat;  the  unit 
makes  no  direct  contact  with  the  blade.  A 
cyclical  flow  of  coolant  can  be  alternated 
with  the  pulses  of  heat.  A  thin  layer  of  nickel 
could  be  electrcdeposited  on  the  blade  to 
enhance  the  induction  heating. 

This  work  was  done  by  William  R. 
Wagner  and  Louis  H.  Pidcoke  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center.  No  further  documentation 
is  available. 
MFS-29416/TN 
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Federal  laboratory  resource 

U.S.  Army  Corps  of  Engineers 

I  Waterways  Experiment  Station 


P.O.  Box  631,  Vicksburg,  MS  39181-0631 


The  Lewisville  Aquatic  Plant  Research  Facility 


The  U.S.  Army  Engineer  Waterways  Experiment  Station 
(WES)  under  an  agreement  with  the  U.S.  Army  Engineer 
District,  Fort  Worth  acquired  the  use  of  a  1 10-acre 
property  formerly  operated  as  a  fish  hatchery.  The 
property,  consisting  of  55  earthen  ponds  and  a  laboratory 
building,  is  located  in  Lewisville,  Texas,  adjacent  to 
Lewisville  Lake,  a  Corps  of  Engineers  reservoir 
(Figure  1).  The  facility  is  being  developed  and  used  by 
the  Aquatic  Plant  Control  Research  Program  (APCRP)  for 
studying  the  biology  and  ecology  of  aquatic  plants  as  well 
as  methods  for  their  control. 

A  study  of  the  life  cycle  of  waterhyacinth  has  been 
initiated  in  one  of  the  ponds.  The  objective  of  this 
study  is  to  identify  potential  weak  periods  in  the  life 
cycle  of  this  species,  during  which  application  of  control 
measures  would  be  most  effective. 

A  field  test  of  the  efficacy  of  a  commercial  formulation  of 


Figure  2.  Pond  layou 
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Figure  1.  Location  map 

The  ponds  range  in  size  between  one— half  and  two 
acres,  with  maximum  depths  between  7  and  9  feet 
(Figure  2).  Gravel  roadways  completely  encircle  the 
facility,  and  wide  levees  surround  each  of  the  ponds, 
providing  vehicular  access  to  all  sides  of  each  of  the 
ponds. 


a  microbial  pathogen  was  also  conducted. 

A  study  of  competition  between  introduced,  weedy 
species  and  native,  nonweedy  species  will  also  be 
initiated  during  1990.  This  study  will  attempt  to 
identify  native  species  that  can  compete  with  introduced 
weeds  such  as  hydrilla  and  Eurasian  watermilfoil.  The 
objective  of  this  work  is  to  identify  methods  for  enhancing 
the  establishment  and  persistence  of  competitive  native 
species  to  slow  the  spread  of  invasive  weeds. 

Other  experiments  will  determine  the  effects  of  different 
amounts  of  submersed  aquatic  vegetation  on  fish 
production,  determine  the  efficacy  and  environmental 
effects  of  benthic  barriers  for  control  of  submersed 
aquatic  plants,  and  evaluate  the  efficacy  of  biocontrol 
agents  for  the  control  of  submersed  aquatic  plants. 

The  acquisition  of  this  facility  has  expanded  the  research 
capabilities  within  the  APCRP  by  filling  the  gap  between 
small-scale  laboratory  studies  and  large-scale  field  testing. 
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In  addition  to  its  use  in  aquatic  plant  research,  the  facility 
is  also  suitable  for  conducting  studies  of  other  aquatic 
and  wetland  ecosystems.  While  primarily  intended  to 
serve  the  needs  of  WES  researchers,  ponds  and  laboratory 
space  are  also  available  to  other  Federal  and  state  agencies 
and  universities  for  cooperative  research  endeavors. 


FOR  ADDITIONAL  INFORMATION:  For  more 
information  on  the  Lewisville  Aquatic  Plant 
Research  Facility  contact:  Dr.  R.  Michael  Smart, 
Rural  Route  3,  Box  446,  Lewisville,  TX  75056, 
(telephone:  214-436-2215)  or  Dr.  R.  Michael  Smart, 
ATTN:  CEWES-ES-A,  U.S.  Army  Engineer  Waterways 
Experiment  Station,  3909  Halls  Ferry  Road,  Vicksburg, 
MS  39180-6199. 


United  States  Atmospheric  Research  and  Exposure 

Environmental  Protection  Assessment  Laboratory 

Agency  Research  Triangle  Park  NC  2771 1 

Research  and  Development 

»  &EPA        Project  Summary 

Nonoccupational  Pesticide  Exposure  Study  (NOPES) 

In  1984,  Congress  appropriated  FY85  monies  to  the  U.S.  Environmental  Protection  Agency  (EPA)  to  assess  the  level  of 
pesticide  exposure  experienced  by  the  general  population.  Occupational  exposure  of  specific  groups  of  pesticide  users, 
such  as  farm  workers  and  pest  control  operators,  had  been  examined  and  characterized  by  previous  studies.  However, 
little  was  known  about  the  general  distribution  of  nonoccupational  exposures  to  household  pesticides.  To  begin  to 
overcome  this  lack  of  knowledge,  NOPES  was  designed  to  provide  initial  estimates  of  nonoccupational  exposure  levels 
and  to  address  the  nature  of  the  variability  in  exposures. 

NOPES  was  based  on  the  Total  Exposure  Assessment  Methodology  (TEAM)  approach  to  exposure  estimation.  The 
Agency  began  developing  the  TEAM  approach  in  1979  for  measuring  human  exposure  to  various  environmental 
contaminants.  In  a  TEAM  study,  probability-based  survey  sampling  procedures  are  combined  with  questionnaire  data 
collection  and  modern  personal  monitoring  techniques  to  obtain  statistically  defensible  estimates  of  exposure  levels  in  the 
general  population.  The  initial  application  of  this  innovative  approach  (Wallace,  1987)  was  in  the  estimation  of  exposures 
to  volatile  organic  compounds  (VOCs). 

NOPES  had  both  methodological  and  analytical  objectives.  NOPES  sought  to  apply  the  TEAM  approach  to  a  class  of 
chemicals  not  previously  addressed  by  TEAM.  Therefore,  the  primary  methodological  objective  of  NOPES  was  to 
develop  monitoring  instrumentation,  laboratory  procedures,  and  survey  questionnaires  for  a  TEAM  study  of  pesticides. 
The  overall  analytical  objective  of  NOPES  was  to  estimate  the  levels  of  nonoccupational  exposure  to  selected  household 
pesticides  through  air,  drinking  water,  food,  and  dermal  contact. 

Work  on  the  design  phase  of  NOPES  began  in  1985.  Southwest  Research  Institute  (SwRI),  of  San  Antonio,  Texas, 
f      developed  the  methodology  for  collecting  air  samples  and  analyzing  them  for  32  selected  pesticides  and  pesticide 
degradation  products.  Emphasis  was  placed  on  both  identifying  and  quantitating  the  target  compounds.  Research 
Triangle  Institute  (RTI)  of  Research  Triangle  Park,  North  Carolina,  developed  the  probability-based  sampling  design  and 
the  questionnaires  needed  to  collect  information  about  pesticide  use  and  activity  patterns.  The  questionnaires  and 
monitoring  and  analysis  procedures  were  tested  in  a  pilot  study  conducted  in  Jacksonville,  Florida  in  August  and 
September  1985. 

To  permit  assessment  of  regional  and  seasonal  variations  in  exposure  levels,  the  main  NOPES  data  collection  was 
conducted  in  three  phases:  Phase  I:  Summer  1986  in  Jacksonville,  Florida;  Phase  II:  Spring  1987  in  Jacksonville, 
Florida,  and  Springfield  and  Chicopee,  Massachusetts;  Phase  III:  Winter  1988  in  Jacksonville,  Florida,  and  Springfield 
and  Chicopee,  Massachusetts.  The  findings  of  EPA's  National  Urban  Pesticide  Applicator  Survey  and  earlier  studies  were 
used  to  select  two  study  areas.  Jacksonville  was  selected  as  representative  of  an  area  of  the  country  with  relatively  high 
pesticide  use,  and  the  Springfield  region  was  selected  to  represent  an  area  of  low  to  moderate  pesticide  use.  In  both  study 
areas,  some  sample  members  were  asked  to  participate  in  all  seasons  of  the  study,  whereas  others  were  recruited  only  for  a 
single  season.  Monitoring  some  people  in  more  than  one  season  permitted  assessment  of  whether  the  overall  differences 
observed  between  seasons  were  due  to  true  seasonal  variations  or  due  to  random  sampling  variations.  Short-term  temporal 
variations  were  addressed  by  monitoring  some  respondents  twice  in  the  same  season. 

The  following  activities  were  performed  for  each  sample  member  who  agreed  to  participate  in  the  study:  A  study 
questionnaire  was  administered;  A  personal  air  sampler  was  given  to  the  participant  to  wear  or  keep  in  close  proximity  for 
24  h;  Two  or  more  fixed-site  air  samplers  were  set  up  and  run  for  24  h.  At  least  one  sampler  was  run  in  the  respondent's 
home,  and  at  least  one  was  run  outside  the  home;  At  the  end  of  the  24-h  monitoring  period,  an  activity  log  questionnaire 
was  administered. 

In  some  households,  drinking  water  samples  were  collected  for  analyses.  Dermal  exposure  during  pesticide  application 
,       events  was  estimated  for  a  small  number  of  respondents  by  analyzing  cotton  gloves  worn  during  typical  application  events 
following  the  regular  monitoring  period. 
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Mean  outdoor  air  concentrations  were  almost  always  lower  than  mean  indoor  and  personal  concentrations.  Seasonal 
patterns  were  somewhat  inconsistent.  However,  the  pesticides  found  at  higher  concentrations  in  Jacksonville  were  highest 
in  summer,  followed  by  spring  and  then  winter.  For  Springfield/Chicopee,  the  majority  of  the  pesticides  found  at  higher        I 
levels  had  higher  concentrations  in  the  spring  than  in  the  winter.  For  a  majority  of  the  pesticides,  indoor  and  personal  air 
concentrations  were  higher  in  Jacksonville  than  in  Springfield/Chicopee,  as  expected.  Differences  between  the  sites  were 
less  consistent  for  outdoor  air  concentrations. 

Water  sampling  was  by  design  only  a  small  component  of  NOPES.  Routine  sampling  of  public  water  supplies  by 
Jacksonville  and  Springfield  prior  to  NOPES  had  not  identified  any  contamination  by  the  target  compounds,  and  water 
samples  collected  and  analyzed  during  the  NOPES  pilot  study  also  did  not  contain  detectable  levels  of  any  analytes. 
Therefore,  a  minimal  sampling  effort  was  believed  to  be  sufficient  for  estimating  water  exposure  to  the  target  compounds. 

The  small  sample  sizes  prevent  estimation  of  weighted  population  exposure  estimates  from  these  data.  However,  the  lack 
of  detectable  levels  for  most  analytes  and  the  relatively  low  levels  occasionally  detected  for  others  suggest  that  exposure 
to  the  NOPES  target  compounds  from  water  is  minimal  in  the  two  study  areas. 

The  dermal  exposure  component  of  NOPES  was  primarily  a  pilot  study  of  a  method  for  quantifying  dermal  exposure 
levels  during  acute  exposure  events.  Chronic  dermal  exposure  was  not  addressed.  The  number  of  events  monitored  was 
small,  and  events  were  not  randomly  selected,  so  estimated  population  exposure  levels  cannot  be  developed.  However, 
analysis  of  the  glove  data  does  permit  assessment  of  the  method,  and  provides  an  initial  impression  of  the  relative 
importance  of  acute  dermal  exposure. 

The  NOPES  air  exposure  data  were  evaluated  with  regard  to  potential  chronic  health  effects.  Both  cancer  and  non-cancer 
risks  were  evaluated.  No  risks  of  major  concern  were  identified. 


Evaluation  of  NOPES  results,  in  addition  to  providing  important  insights  about  the  nature  and  magnitude  of 
nonoccupational  pesticide  exposure,  suggests  a  number  of  possible  avenues  for  further  research.  Specific 
recommendations  are: 

1.  Develop  guidance  for  conducting  exposure  monitoring  studies  and  associated  methodologies  for  assessing  human  non- 
dietary  exposure  to  pesticides  in  residential  settings.  These  follow-up  studies  will  be  designed  to  permit  a  more 
comprehensive  analysis  of  the  health  risks  associated  with  exposure  to  pesticides  from  different  routes.  2.  Conduct 
prospective  studies  to  estimate  pesticide  concentrations  in  household  dust  in  order  to  explore  the  relationship  between 
pesticide  use  and  exposure,  and  the  relative  importance  of  the  dust  pathway  to  total  human  exposure,  especially  for  infants 
and  toddlers.  3.  Refine  the  dermal  exposure  sampling  and  analytical  methods  required  for  quantifying  dermal  exposures 
and  the  estimation  of  acute  and  chronic  pesticide  exposures.  These  studies  will  attempt  to  estimate  transfer  coefficients 
between  surface  applications  and  the  dermal  and  inhalation  routes  of  exposure.  4.  Improve  the  PUF  sampling  technique 
to  reduce  variability  in  matrix  spike  recoveries,  evaluate  analytical  methodology  for  new  compounds  of  interest,  and 
prepare  quality  assurance  standards  on  PUF  media.  5.  Conduct  similar  NOPES  studies  following  revision  of  the 
population  survey  instruments.  These  revisions  would  incorporate  improvements  to  the  original  survey  design,  develop 
more  appropriate  stratification  variables,  and  permit  the  development  of  a  survey  data  base  with  a  larger  regional  or 
national  application.  The  survey  instruments  would  incorporate  more  detailed  activity  pattern  information  and  pesticide 
use  applications.  The  data  would  be  combined  with  limited  monitoring  data  and  used  to  validate  a  proposed  human 
exposure  model  specifically  designed  to  estimate  exposures  to  several  of  the  NOPES  pesticides. 

FOR  ADDITIONAL  INFORMATION:  Frederick  W.  Immerman  is  with  Research  Triangle  Park,  NC  27709  and  John 
L.  Schaum  is  with  the  Office  of  Health  and  Environmental  Assessment,  U.S.  Environmental  Protection  Agency, 
Washington,  DC  20460.  Andrew  E.  Bond  is  the  EPA  Project  Officer  (see  below).  The  complete  report,  entitled 
"Nonoccupational  Pesticide  Exposure  Study  (NOPES),"  (Order  NO.  PB  90-152  224/AS;  Cost:  A12,  subject  to  change) 
will  available  only  from: 

National  Technical  Information  Service, 

5285  Port  Royal  Road, 

Springfield,  VA  22161 

Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Atmospheric  Research  and  Exposure  Assessment  Laboratory 

U.S.  Environmental  Protection  Agency 

Research  Triangle  Park,  NC  2771 1 
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*  SEPA       Project  Summary 

Treating  Chlorinated  Wastes  with  KPEG  Process 


Introduction 

The  two  reports  concern  a  chemical 
dechlorination  process  that  employs  a 
reagent,  typically  prepared  by  reacting  a 
base  (e.g.,  potassium  hydroxide)  with  one 
of  several  polyethylene  glycols  (e.g., 
PEG  400).  Early  laboratory-  and  drum- 
scale  studies  are  described  that  proved 
the  feasibility  of  the  KPEG  technology  to 
treat  PCB-contaminated  soils.  In-depth 
descriptions  are  given  of  the  KPEG- 
process  demonstrations  that  have  been 
done  to  date. 

A  typical  laboratory-scale  procedure  for 
dechlorinating  polychlonnated  dibenzo 
dioxins  (PCDD)-  and  PCB-contaminated 
soil  involves  mixing  potassium  hydroxide 
(KOH)  and  polyethylene  glycol-400 
(PEG-400,  average  molecular  weight  of 
400  Daltons)  to  produce  the  reagent 
KPEG.  This  KPEG  reagent  is  mixed  with 
the  contaminated  soil,  heated  to  approx- 
imately 150°C  (302 °F),  and  maintained 
at  that  temperature  while  being  con- 
tinuously stirred  for  1  to  4  hr.  Excess 
reagent  is  then  decanted,  the  soil  is 
neutralized  with  acid  and  rinsed  two  or 
three  times  with  water,  and  the  decon- 
taminated soil  is  discharged. 

The  reaction  of  the  KOH  and  PEG-400 
produces  an  alkoxide  (ROK)  (Equation  1), 
which  in  turn  reacts  with  one  of  the 
chlorine  atoms  on  the  aryl  ring  to 
produce  an  ether  (ArCI^  OR)  and  potas- 
sium chloride  (KCI)  salt  (Equation  2). 
Replacement  of  the  chlorine  atom  on  the 
aryl  ring  with  an  ether-linked  PEG 
detoxifies  the  compound.  The  dechlo- 
rination process  is  described  in  Equations 
1,  2,  and  3: 

ROH   +  KOH   — *-  ROK  +   H20  (1) 

ROK  +  ArCln  — >  ArCln.i  OR  +  KCI  (2) 

AH 
Ar  Cln_i  OR     — ►  Ar  CI  n.,    OH   +  CH2  = 
H 


OR 


C 


(3) 


Pilot-Scale  Demonstration  of 
KPEG  Process  in  Moreau, 
New  York 

The  objectives  of  the  demonstration  at 
the  Moreau  site  were  to  document  that 


the  KPEG  reagent  could  effectively  de- 
chlorinate  PCBs  to  acceptable  levels  at 
the  40-gal  scale  (from  hundreds  and 
thousands  of  parts  per  million  to  less  than 
3  to  4  ppm)  and  to  gather  process  data 
that  would  subsequently  be  used  to 
design  a  larger  (2-yd3  or  400-gal)  reactor. 
The  test  at  Moreau  was  not  intended  to 
be  a  site  cleanup,  only  a  small  portion  of 
the  contaminated  soil  was  treated  as  part 
of  the  test 

Field-Scale  Demonstration  of 
KPEG  Process  in  Guam 

The  U.S.  Navy  Public  Works  Center  on 
Guam  was  selected  for  the  field-scale 
demonstration  of  the  KPEG  chemical 
dechlorination  system.  The  PCB  concen- 
trations in  the  soil  at  the  site  averaged 
3535  ppm,  with  "hot-spots"  as  high  as 
45,860  ppm  (4.59%).  Soil  contamination 
(found  primarily  in  a  nearby  storm 
drainage  ditch)  was  the  result  of  leaks 
from  a  transformer  rework  building  and 
waste  PCB  stored  outside  the  building. 
Excavated,  contaminated  soil  was  stored 
in  a  12.2-  by  18.3-m  (40-  by  60-ft)  metal 
building  with  a  heavy  rubber  liner  erected 
on  a  concrete  pad.  Also  another  30.5-  by 
30.5-m  (100-  by  100-ft)  concrete  pad  was 
poured  for  the  installation  of  the  field- 
scale  KPEG  treatment  system. 

Soil  and  particles  smaller  than  1/2  in. 
were  passed  through  the  screens  and 
collected  separately  so  that  particles 
would  not  be  jammed  in  the  mixer. 

PCB  analyses  employed  an  EPA- 
developed  field-screening  method,  which 
was  followed  with  a  more  vigorous, 
corroborative  analysis.  A  review  of 
treated  soil  analytical  data  from  both 
analyses  indicated  that  the  destruction  of 
the  total  PCB  concentration  exceeded 
99%.  In  both  sets  of  data,  however, 
analysis  of  each  of  the  congener  peaks 
showed  that  a  tetrachlorobiphenyl 
congener  concentration  in  a  portion  of  the 
treated  batches  was  slightly  above  the 
R&D  permit  requirement  of  2  ppm  or 
lower  per  PCB  peak.  The  batches  con- 
taining greater  than  2  ppm  of  the  tetra 
congener  were  loaded  back  into  the 
mixer,  mixed  with  the  new  KPEG  formu- 
lation of  1.3  moles  KOH  and  1.0  mole 
PEG-400,  and  retreated.  Analytical  re- 
sults of  the  retreated  batches  indicated 
the  tetra  congener  in  each  batch  was  well 
below  1  ppm. 
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Drum  Treatment  Demonstration 
of  KPEG  Process  at  Bengart  & 
Memel  Site,  New  York 

The  preceding  two  KPEG  demonstra- 
tions were  performed  to  prove  the  effec- 
tiveness of  the  KPEG  process  at  larger 
scales  and  to  promote  the  development 
of  a  full-scale  system.  The  demonstra- 
tions described  in  this  section  and  the 
one  that  follows  concern  the  in  situ 
treatment  of  smaller  quantities  of  con- 
taminated materials  that  may  have 
already  been  placed  into  drums  for 
storage.  This  process  offers  an  alterna- 
tive to  the  costly  and  hazardous  process 
of  emptying  drums  of  hazardous  mate- 
rials. 

A  review  of  treated-soil  analytical  data 
indicated  that  PCB  concentrations  were 
reduced  from  108  to  27  ppm  (a  75% 
reduction).  The  PCB  levels  in  the  soil  in 
one  drum  with  an  initial  concentration  of 
1300  ppm  were  reduced  to  78  ppm  (a 
93%  reduction). 

Drum  Treatment  Demonstration 
of  KPEG  Process  at  an  Omaha, 
Nebraska,  Site 

This  1987  EPA  study  was  designed  to 
demonstrate  the  effectiveness  of  the 
KPEG  process  for  treating  drummed, 
contaminated  herbicide  wastes  containing 
dioxms.  The  contaminated  waste  con- 
tained 17,800  ppm  2,4-D,  2800  ppm 
2,4,5-T,  and  1.3  ppm  2,3,7,8-TCDD. 

The  treatment  equipment  consisted  of 
a  55-gal  drum,  a  clamp-on  heating  band, 
and  a  stirring  motor.  The  drum  containing 
the  KPEG  reagent  and  the  contaminated 
waste  was  heated  to  a  temperature  of 
70°  to  85°C  for  2  days  while  being  con- 
tinually stirred.  After  2  days,  the  heater 
was  turned  off  and  the  reaction  mixture 
was  allowed  to  cool  to  ambient  tem- 
perature. The  treated  waste  samples 
were  then  analyzed  to  determine  the 
posttreatment  concentration  of  the  con- 
taminated waste. 
Conclusions 

The  pilot-scale  KPEG  demonstration  in 
Moreau,  New  York,  represented  the  first 
attempt  to  dechlorinate  PCBs  in  a 
reactor/mixer  at  a  scale  larger  than  that 
used  in  the  laboratory.  Results  of  the 
demonstration  indicated  that  PCBs  could 
be  reduced  by  an  average  of  98.3% 
(reductions  ranged  from  93.9%  to 
99.8%). 

The  field-scale  demonstration  at  Guam 
proved  the  effectiveness  of  the  KPEG 
technology  for  treating  soils  with  initial 
PCB  concentrations  averaging  3535  ppm 
(3260  to  3828  ppm).  PCB  concentrations 
were  reduced  to  an  average  concentra- 
tion of  6.74  ppm  (1.01  to  13.9  ppm), 
which  represents  an  average  reduction  of 
99.84%  (99.58%  to  99  98%)  with  no 
resolvable   PCB   congener  exceeding   2 


ppm  (after  retreatment).  The  process 
implemented  in  Guam  was  successful  in 
its  treatment  of  PCB-contaminated  soil 
without  the  use  of  DMSO  or  TMH. 

The  KPEG  process  used  at  the  Bengart 
&  Memel  site  successfully  reduced  PCB 
levels  in  soil  contained  in  55-gal  drums  to 
below  the  50-ppm  control  limit  set  for  the 
soil  at  the  site. 

The  drum-scale  KPEG  process  at  the 
Omaha  site  proved  to  be  capable  of 
degrading  2,3,7,8-TCDD,  2,4-D,  and 
2,4,5-T.  Initial  concentrations  of  1.3  ppm 
2,3,7,8-TCDD,  17,800  ppm  2,4-D,  and 
2,800  ppm  2,4,5-T  were  reduced  to  con- 
centrations of  none  detectable,  334  ppm, 
and  55  ppm,  respectively.  The  demon- 
stration also  proved  the  effectiveness  of 
KPEG  without  the  use  of  DMSO  or  TMH. 

Recommendations 

The  following  recommendations  were 
made  concerning  the  field-scale  KPEG 
system: 

1.  The  system  should  be  used  at  addi- 
tional sites  to  provide  more  back- 
ground data  on  the  technology 

2.  Additional  field-scale  demonstrations 
should  be  done  in  an  attempt  to 
optimize  the  reagent  formulation  and 
operating  parameters. 

3. '  The  labor  intensity  of  the  system 
should  be  reduced  by  modifying  it 
with  materials  handling  equipment 
and  automation. 

4.  Attempts  should  be  made  to  identify 
alternative  equipment  manufacturers 
that  may  be  capable  of  further 
increasing  the  efficiency  of  the 
system. 

5.  Design  of  a  full-scale,  fully  portable, 
self-supportive  KPEG  treatment 
system  should  be  initiated  for  soils 
contaminated  with  halogenated  aro- 
matic compounds. 

6.  Efforts  should  be  initiated  to  delist  the 
KPEG-treated  soil  judged  to  be 
"clean"  per  the  requirements  of  the 
R&D  permit. 

The  full  report  was  submitted  in  ful- 
fillment of  Contract  No.  68-03-3413,  Work 
Assignment  No.  1-2,  and  IAG 
RW17933910  by  PEI  Associates,  Inc., 
under  the  sponsorship  of  the  U.S.  Envi- 
ronmental Protection  Agency. 
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M.  L.  Taylor,  J.  A.  Wenlz,  M.  A.  Dosani.  W  Gallagher,  and  J.  S.  Greber  are  with  PEI 

Associates,  Inc.,  Cincinnati.  OH  45246. 
T.  D.  Ferguson  and  C  J  Rogers  are  the  EPA  Project  Officers  (see  below). 
The  complete  reports  entitled  "Field  Applications  of  the  KPEG  Process  lor  Treating 
Chlorinated  Wastes"  (Order  No.  PB  89-212  724/ AS:  Cost:  S  17.00.  sub/ect  to 
change),  and  "Comprehensive  Report  on  the  KPEG  Process  for  Treating 
Chlorinated  Wastes"  (Order  No.  PB  90  163  643:  Cost  $23.00,  subject  to  change) 
will  be  available  only  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officers  can  be  contacted  at: 
Risk  Reduction  Engineering  Laboratory 
U.S.  Environmental  Protection  Agency 
Cincinnati,  OH  45268 


*    Technology  Application 


Brookhaven  National  Laboratory 


The  Greenhouse  Effect 


Global  temperatures  have  been  rising 
in  recent  years,  leading  to  speculation 
about  such  effects  as  higher  sea  levels 
from  melting  polar  ice.  Some  scien- 
tists believe  that  the  cause  is  pollution 
in  the  atmosphere.  If  this  is  true,  then 
the  global  warming,  sometimes 
referred  to  as  the  "greenhouse  effect," 
may  be  yet  another  example  of  how 
humankind  has  drastically  altered  life 
on  earth. 

One  of  the  research  programs  on  car- 
bon dioxide  enrichment  at  Brookhaven 
National  Laboratory  (BNL)  focuses  on 
the  feedback  of  CO2  into  the  plant  sys- 
tem. A  unique  plant  exposure  system 
called  FACE  (Free  Air  Controlled  En- 
richment) was  designed  at  BNL  to 
study  plants  in  an  open  field.  It  is 
composed  of  a  circular  array  of  32  in- 
dividually valved,  vertical  pipes  con- 
nected to  a  toroidal  chamber.  A  high 
volume  blower  injects  ambient  air  into 
the  chamber,  where  it  is  mixed  with 
elevated  levels  of  CO2.   The  release  of 


CO2  is  controlled  by  a  computer  sys- 
tem that  measures  wind  direction, 
speed  and  the  CO2  concentration  in 
the  center  of  the  array,  and  uses  this 
information  to  adjust  the  rate  of  gas  to 
be  released  from  the  vertical  pipes  on 
a  second-to-second  basis.  Hence, 
natural  microclimatological  mixing 
processes  are  used  to  disperse  the  gas, 
while  a  computer-controlled  gas 
release  system  maintains  a  desired 
concentration.  The  resulting  environ- 
ment is  as  close  as  possible  to  reality. 

In  the  future,  BNL  hopes  to  do  a  full- 
scale  field  experiment,  using  up  to  12 
FACE  arrays  and  up  to  50  tons  of  CO2 
per  day.  When  confident  that  the  sys- 
tem works  with  a  single  crop,  the  next 
step  will  be  to  evaluate  effects  of  CO2 
enrichments  on  a  natural  community 
of  plants,  such  as  tundra,  forest 
regrowth  and  grazing  lands. 


For    more    information,    contact 
Marcuse  at  (516)  282-2103. 


Bill 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


^H^BMMBn 


Catalytic  Destruction  of  Toxic  Organic  Compounds 

A  conceptual  fuel-efficient  system  promises  nearly  complete 
oxidation  to  harmless  substances. 


A  proposed  process  would  dispose  of 
toxic  organic  compounds  in  contaminated 
soil  or  carbon  beds  safely  and  efficiently. 
The  process  would  oxidize  the  toxic 
materials  without  producing  such  other 
contaminants  as  nitrogen  oxides  (NOx). 
Using  air,  fuel,  catalysts,  and  steam,  the 
system  would  consume  less  fuel  and  ener- 
gy than  do  decontamination  processes 
currently  in  use. 

According  to  the  concept,  the  process 
by  which  the  toxic  material  is  destroyed 
would  have  three  stages:  (1)  catalytic 
"autothermal  reforming"  of  the  organic  con- 
taminants that  have  been  driven  from  the 
soil  or  carbon  bed;  (2)  caustic  scrubbing  of 
the  partially  oxidized  contaminant  species 
from  the  effluent  gas;  and  (3)  catalytic  com- 
bustion of  the  resulting  contaminant-free 
combustible  gas  stream.  By  separating  the 
oxidation  process  into  two  separate  steps 
and  by  implementing  steam  into  the  first 
step,  the  process  requires  lower  tempera- 
tures than  are  normally  used  in  a  conven- 
tional single-stage  combustion  process. 
No  free  carbon  and  minimal  thermal  NOx 
would  be  produced.  The  amount  of  fuel  re- 
quired to  sustain  the  process  would  be 
lower  than  in  conventional  processes  — 
particularly  inasmuch  as  products  of  the 
extracted  contaminants  would  be  recycled 
as  fuel. 

In  one  version  of  the  process,  shown  in 
the  figure,  contaminated  soil  would  be 
transported  through  a  vessel  in  which  the 
soil  would  be  heated  to  temperatures  high 
enough  to  volatilize  the  organic  contami- 
nants. A  limited  quantity  of  air  and/or  steam 
would  be  swept  over  the  hot  soil  and  fed  in- 
to the  autothermal  reformer.  The  steam 
would  help  to  vaporize  the  organic  con- 
taminants. In  the  autothermal  reformer,  the 
steam  would  also  serve  as  an  oxidant, 
along  with  air,  to  convert  catalytically  the 
organic  compounds,  along  with  some  ad- 
ditional fuel  added  to  the  process,  to  reduc- 
ing compounds.  The  use  of  steam  not  only 
reduces  the  amount  of  air  needed  to  con- 
vert the  organic  contaminants  and  fuel,  but 
also  reduces  the  resultant  dilution  of  the 
combustible  material  by  nitrogen  that 
would  occur  if  more  air  were  used.  The 
reduction  in  the  flow  of  air  and  the  injection 
of  steam  would  reduce  the  amount  of  heat 
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Ane  Autothermal  Reformer  incorporated  into  a  contaminated-soil-treatment  system  prom- 
ises nearly  complete  oxidation  of  contaminants  at  reduced  costs. 


generated  in  this  stage,  and  the  conse- 
quent additional  amount  of  heat  required  to 
sustain  the  reactions  in  the  catalyst  bed 
would  be  supplied  by  the  preheating  of  the 
steam,  air,  and  fuel  fed  into  the  chamber. 
The  decontaminated  soil  would  have  been 
heated  to  much  lower  temperatures  than 
in  conventional  kiln  operations,  where  the 
soil  must  be  heated  to  the  same  high  tem- 
peratures requred  for  the  single-stage 
combustion  process,  resulting  in  lower 
heat  losses  to  the  system. 

The  exhaust  gases  from  this  stage 
would  flow  into  a  conventional  scrubber, 
where  the  gases  containing  the  hetero- 
atomic  species  from  the  original  toxic 
organic  compounds,  which  are  now  in  the 
form  of  simple  "reducing"  gases,  would  be 
removed  from  the  gas  stream.  (These 
gases  include  such  compounds  as  hydro- 
gen chloride,  hydrogen  bromide,  hydrogen 
sulfide,  and  ammonia.)  The  effluent  gas 
stream,  which  is  made  up  of  hydrogen, 
carbon  monoxide,  methane,  carbon  diox- 
ide, and  nitrogen,  is  then  fed  to  a  com- 
bustor, preferably  a  catalytic  combustor, 
where  the  gases  are  reacted  with  air  at 
very  fuel-lean  conditions.  This  results  in  low 


flame  temperatures  that  are  below  those 
at  which  thermally  produced  NOx  is 
generated.  This  combustion  process  can 
either  be  operated  directly  in  conjunction 
with  the  soil-treatment  step  or  indirectly 
with  the  heat  derived  from  it  and  used 
subsequently  in  the  soil  treatment.  In  either 
case,  additional  fuel  necessary  to  produce 
adequate  heat  to  elevate  the  soil  to  tem- 
peratures necessary  for  volatilizing  the 
organic  compounds  can  be  added.  Efflu- 
ent products  from  the  second  stage  com- 
bustor are  carbon  dioxide,  nitrogen,  ex- 
cess oxygen,  and  water  vapor. 

A  similar  process  could  regenerate  car- 
bon beds  that  are  used  in  water-treatment 
plants.  The  system  would  be  operated  in 
such  a  manner  that  the  carbon  beds  would 
not  have  to  be  removed  from  the  plant  and 
regenerated  off-site.  The  hot  steam  need- 
ed to  regenerate  the  carbon  beds  would  be 
produced  from  the  two  combustion  stages. 

This  work  was  done  by  Gerald  E. 
Voecks   of  Caltech   for   NASA's   Jet 
Propulsion  Laboratory. 
NP0-17669/TN 
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•    »EPA        Project  Summary 


Compendium  of  Methods  for  the  Determination  of  Air 
Pollutants  in  Indoor  Air 


The  objective  of  this  project  was  to 
develop  a  Compendium  of  Methods 
for  the  Determination  of  Air 
Pollutants  in  Indoor  Air.  The 
Compendium  has  been  prepared  to 
provide  regional,  state  and  local 
environmental  regulatory  agencies 
with  step-by-step  sampling  and 
analysis  procedures  for  the 
determination  of  selected  pollutants 
in  indoor  air.  This  guide  assists  those 
persons  responsible  for  sampling 
and  analysis  of  indoor  pollutants. 

Determination  of  pollutants  in 
indoor  air  is  a  complex  task,  primarily 
because  of  the  wide  variety  of 
compounds  of  interest  and  the  lack 
of  standardized  sampling  and 
analysis  procedures.  The 
Compendium  has  been  prepared  to 
provide  a  standardized  format  for 
such  analytical  procedures.  A  core 
set  of  ten  chapters,  with  each 
chapter  containing  one  or  more 
methods,  are  presented  in  the 
current  document.  The  current 
methods  may  be  modified  from  time 
to  time  as  advancements  are  made. 

The  Compendium  covers  a  variety 
of  active  and  passive  sampling 
procedures,  as  well  as  several 
analytical  techniques  both  on  and  off 
site.  Consequently,  many  indoor 
pollutants  can  be  sampled  and 
analyzed  by  several  techniques,  often 
with  different  interferences  and 
detection  limitations.  This  allows  the 
user  flexibility  in  selecting  pro- 
cedures to  complement  his  or  her 
background  and  laboratory  capability. 

This  Project  Summary  was 
developed  by  EPA's  Atmospheric 
Research  and  Exposure  Assessment 
Laboratory,  Research  Triangle  Park, 
NC,  to  announce  key  findings  of  the 
research  project  that  is  fully 
documented  in  a  separate  report  of 
the  same  title. 


Introduction 

In  recent  years,  greatly  increased 
attention  has  been  focused  on  the  quality 
of  indoor  air.  Most  people  spend  a  major 
portion  of  their  time  indoors,  in  living 
areas,  offices  or  other  workplaces,  stores, 


restaurants,  waiting  rooms,  public 
buildings,  public  or  private  transportation 
vehicles,  etc.  Obviously,  then,  exposure 
to  indoor  air  pollutants  can  constitute  an 
important  fraction  of  a  person's  total 
exposure  to  air  pollution. 

In  addition  to  penetration  of  outdoor 
pollutants  into  the  indoor  environment, 
indoor  air  pollutants  may  originate  from 
many  sources,  including  various  indoor 
activities,  use  of  many  different  types  of 
appliances,  tools,  and  substances,  and 
outgassing  of  various  types  of 
construction  and  decoration  materials. 
Indoor  air  pollutants  include  a  wide 
variety  of  compounds  and  typically  occur 
in  concentrations  and  mixtures  that 
generally  vary  greatly  over  time  and  from 
one  area  to  another  and  are  often 
episodic  in  nature.  Consequently,  human 
exposures  are  difficult  to  assess  for  both 
individuals  and  groups.  This  difficulty  is 
further  complicated  by  restrictions  in  the 
sampling  and  measurement  techniques 
that  can  be  used  indoors  due  to 
limitations  in.the  physical  size,  noise,  air 
flow  rates,  power  consumption, 
installation,  etc.  of  the  apparatus  used. 
Not  surprisingly,  there  has  been  a  lack  of 
standardized  procedures  for  sampling 
and  analysis  of  indcor  air  pollutants, 
particularly  for  very  low  concentrations  of 
indoor  air  contaminants. 

To  date,  little  guidance  has  been 
available  to  state  and  local  agencies  or  to 
other  organizations  concerned  with  the 
determination  of  indoor  air  pollutants.  As 
a  result,  state  and  local  agencies  and 
others  responding  to  indoor  air  pollution 
problems  have  had  to  develop  their  own 
monitoring  strategies,  including  selection 
of  monitoring  methods,  sampling  plan 
design,  and  specific  procedures  for 
sampling,  analysis,  logistics,  calibration, 
and  quality  control.  For  the  most  part, 
these  procedures  were  based  on 
professional  judgments  rather  than 
adherence  to  any  documented  uniform 
guidelines.  Many  governmental  agencies 
and  professional  or  research 
organizations  have  developed  indoor  air 
monitoring  methods  and  procedures, 
mostly  to  respond  to  specialized  needs. 
But  these  methods  and  procedures  have 
generally  been  neither  standardized  nor 
readily    available    to    other    agencies 
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involved  with  indoor  air  monitoring. 

The  objective  of  this  project  was  to 
develop  and  standardize  such  methods 
and  publish  them  in  a  document  entitled 
"Compendium  of  Methods  for  the 
Determination  of  Air  Pollutants  in  Indoor 
Air." 

Structure  of  Compendium 

Over  the  last  year,  the  Atmospheric 
Research  and  Exposure  Assessment 
Laboratory  (AREAL),  Quality  Assurance 
Division  (QAD),  of  the  U.S.  Environmental 
Protection  Agency  (USEPA)  has  funded 
Engineering-Science  (ES)  for  research 
and  development  of  the  "Compendium  of 
Methods  for  the  Determination  of  Air 
Pollutants  in  Indoor  Air"  under  Contract 
68-02-4398,  Work  Assignment  #32.  This 
Compendium  has  been  prepared  to 
provide  regional,  state,  and  local 
environmental  regulatory  agencies,  as 
well  as  other  interested  parties,  with 
specific  guidance  on  the  determination  of 
selected  air  pollutants  in  indoor  air.  The 
ten  chapters  of  the  Compendium  cover 
those  contaminants  (as  well  as  ventilation 
rate)  that  are  considered  to  be  of  primary 
interest  in  indoor  air  monitoring  efforts. 
These  ten  chapters  address: 

•  Volatile  organic  compounds  (VOCs) 

•  Nicotine 

•  Carbon  monoxide  (CO)  and  carbon 
dioxide  (C02) 

•  Air  exchange  rate 

•  Nitrogen  dioxide  (N02) 

•  Formaldehyde  (CH20) 

•  Benzo(a)pyrene      and      other 
polynuclear  aromatic  hydrocarbons 

•  Acid  gases  and  aerosols  (NOx,  SOx, 
and  NH3) 

•  Particulate  matter 

•  Pesticides 

Each  chapter  contains  one  or  more 
methods  for  measuring  the  parameter, 
including  sampling  and/or  analysis 
techniques,  calibration,  quality  assurance, 
and    other    pertinent    topics.    These 


Table  1.   List  of  Methods  in  the  Compendium 

Method  Number 

Description 

Types  of  Compounds  Determined 

IP-1A 
IP-1B 

Stainless  Steel  Canister 
Solid  Adsorbent  Tubes 

Volatile  organic  compounds  (VOCs) 
(e.g..  aromatic  hydrocarbons, 
chlorinated  hydrocarbons)  having 
boiling  points  m  ihe  range  of  80°  to 
200T 

IP-2A 

XAD-4  Sorbent  Tube 

Nicotine  (gaseous  and  particulate) 

IP-2B 

Treated  Filter  Cassette 

IP-3A 
IP-38 
IP-3C 

Nondispersive  Infrared  (NDIR) 
Gas  Filter  Correlation  (GFC) 
Electrochemical  Oxidation 

Carbon  monoxide  and-'or  carbon 
dioxide 

IP-4A 

IP-4B 

Perftuorocarbon  Tracer  (PTF) 
Tracer  Gas 

Air  exchange  rate 

IPSA 
IP-5B 
IP-5C 

Continuous  Luminox  Monitor 
Palmes  Diffusion  Tube 
Passive  Sampling  Device 

Nitrogen  oxides 

IP-6A 
IP-6B 
IP-6C 

Solid  Adsorbent  Cartridge 
Continuous  Colonmetnc  Analyzer 
Passive  Sampling  Device 

Formaldehyde  (CH2Oi  and  other 
aldehyde  si 'ketone  s 

IP-7 

Medium  Volume  PUF/XAD-2 
Sampler 

Polynuclear  aromatic  hydrocarbons 

ip-a 

Low  Volume  PUF  Sampler  followed 
by  GC/ECD  Detection 

Pesticides  (e.g..  Organochlonne, 
Organophosphorus,  Urea.  Pyrethnn. 
Carbamate,  and  Triazine) 

IP-9 

Annular  Denuder  System 

Acid  GasesiAerosols/Particles  (e.g.. 
nitrates,  sulfates,  and  ammonia) 

IP-10A 

IP-10B 

Size-Specific  Impaction 
Continuous  Particulate  Monitor 

Particulate  Matter 

« 


methods  have  been  compiled  from  the 
best  elements  of  methods  developed  or 
used  by  various  research  or  monitoring 
organizations.  They  are  presented  in  a 
standardized  format,  and  each  has  been 
extensively  reviewed  by  several  technical 
experts  having  expertise  in  the 
methodology  used.  Nearly  all  the 
procedures  have  some  flexibility, 
however,  and  it  is  the  user's 
responsibility  to  prepare  certain  standard 
operating  procedures  (SOPs)  to  be 
employed  in  their  particular  laboratory. 
Each  procedure  indicates  those 
operations  for  which  SOPs  are  required. 
As  advancements  are  made  in  the 
methodology,  current  methods  for  other 
contaminants  may  be  added  as  such 
methods  become  available.  Each  method 
has  been  identified  with  a  revision  date 
so  that  future  modifications  or  updates  to 
the  methods  can  be  identified. 
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FOR  ADDITIONAL  INFORMATION:  William  T.  Winberry,  Jr.,  Linda  Forehand,  Norma  T.  Murphy,  Angela  Ceroli, 
Barbara  Phinney,  and  Ann  Evans  are  with  Engineering-Science,  Inc.,  Gary,  NC  27511.  F.  F.  McElroy,  L.  J.  Purdue  and 
C.  Rhodes  are  the  EPA  Project  Officers  (see  below).  The  complete  report,  entitled  "Compendium  of  Methods  for  the 
Determination  of  Air  Pollutants  in  Indoor  Air,"  (Order  No.  PB90-200  288/AS/  Cost:  A99,  subject  to  change)  will  be 
available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  V A  22161 

Telephone:  708-487-4650 
The  EPA  Project  Officers  can  be  contacted  at: 

Atmospheric  Research  and  Exposure  Assessment  Laboratory 

U.S.  Environmental  Protection  Agency 

Research  Triangle  Park,  NC  27711 
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Research  and  Development 


•  SEPA        Project  Summary 


Field  Demonstration  for  Mobile  FT-IR  for  Dectection  of 
Volatile  Organic  Chemicals 


A  mobile  laboratory  is  now 
available  to  measure  toxic 
compounds  in  the  atmosphere.  The 
mobility  of  this  unit  allows  access  to 
many  sites  in  the  continental  United 
States.  When  this  laboratory  arrives 
at  a  designated  site,  a  high  resolution 
Fourier  transform  infrared  (FT-IR) 
instrument  is  used  to  measure  the 
toxic  materials,  or  volatile  organic 
compounds,  in  the  atmosphere.  The 
site  could  be  a  landfill,  lagoon, 
industrial  site,  chemical  spill  or  any 
area  where  atmospheric  pollution 
occurs.  The  FT-IR  instrument  is 
capable  of  identifying  and  quantifying 
atmospheric  molecules  at  the  parts 
per  billion  (ppb)  level.  The  path 
observed  by  this  instrument  could  be 
as  small  as  a  few  meters,  or  as  large 
as  600  meters  in  length,  nearly  2,000 
feet.  Recently,  the  chemicals  emitted 
at  an  industrial  site  have  been 
identified  at  distances  of  up  to  0.3 
mile. 

This  Project  Summary  was 
developed  by  EPA's  Environmental 
Monitoring  Systems  Laboratory,  Las 
Vegas,  NV,  to  announce  key  findings 
of  the  research  project  that  is  fully 
documented  in  a  separate  report  of 
the  same  title  (see  Project  Report 
ordering  information  at  back). 


Discussion 

The  measurement  of  toxic  compounds 
in  the  atmosphere  is  simplified  by  the 
fact  that  each  compound  has  a  specific 
spectral  "fingerprint."  The  identification 
of  the  various  "fingerprints,"  or  com- 
pounds, can  be  routine  by  FT-IR.  The 
measurement  can  be  made  on  the  site, 
or,  should  the  situation  necessitate  it,  at  a 
reasonable  distance  downwind  from  the 
site. 

The  sensitivity  and  selectivity  of  FT-IR 
methods  for  volatile  organics  is  excellent 
for  low  resolution  spectroscopy  and  is 
fully  expected  to  be  so  for  high 
resolution.  However,  the  speed  and 
economics  relative  to  conventional  air- 
toxic  methods  merits  further  scrutiny,  and 
Table  1  compares  the  analysis  time  of 
the  two  techniques.  In  addition  to  the 
advantage  of  producing  near  real-time 
data,  a  major  advantage  of  the  long-path 
FT-IR  approach  over  point  sample 
collection/analysis  techniques  is  the  cost 
effectiveness.  Most  air  pathway  analyses 
(APA)  at  Superfund  sites  use  the  point 
sampling  approach  in  spite  of  the 
dynamic  nature  of  air  masses.  Many 
samples  are  collected  and  analyzed  to 
compensate  for  this  temporal  variability 
but  not  without  a  considerable  expendi- 
ture   of    time    and    money    ($500- 


Table  1.  Comparison  of  Analysis  Times  per  Canister  and  for  Open-Path  Infrared  Methods8 

Sample  Collection  Cryofocus  Minimum-Maximum 

Time,  Desorption,  Instrument  Time,  Time, 

Hrs  Mins  Mins  Mins 


Canister 
FT-IR 


0-24* 

0 


10-30 

0 


45 
5-6CK 


25-80 
5-60 


3  Multiple  canister  analyses  are  required  to  profile  a  field  site. 

b  To  completely  fill  canisier.  Zero  indicates  almost  instantaneous  sample  collection. 

c  Dependent  on  ambient  pollutant  concentrations,  spectral  complexity,  and  operator  skill. 
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Estimated  Detection  Limits  (ppb)  tor  Some  Volatile  Organic  Compounds  (VOCs)  at 
a  Path  Length  at  too  Meiers  Using  an  Appropriate  Absorption  Band  from  the  Mid- 
Infrared  Region 

Wavenumber                    Resolution                   Detection  Umil 
Compound (cm  ') (cm-') fppbj* 


Chlorinated  hydrocarbons 

Atlyl  chloride 

756  9 

0.5 

67 

Carbon  tetrachloride 

795.2 

0.5 

63 

Chtorobemene 

741.2 

0.1 

26 

Chloroform 

772.6 

OS 

b 

l.2-D<ctiloroethane 

731.3 

0.5 

34 

Methylene  chloride 

749  5 

OS 

20 

Jerrachloroeihyiene 

916.3 

0.5 

19 

1,1, 1  -Trichloroeihane 

726  3 

05 

8.1 

Jnchloroethylene 

049  4 

0.5 

16 

Aromatic  hydrocarbons 

Benzene 

673  9 

0.1 

e 

Ethylbenzene 

2794  0 

0.5 

31 

Pyridine 

700.3 

0.1 

« 

Toluene 

694  3 

0.1 

c 

Alkane 

Cyclopentane 

2966  0 

0.5 

72 

AJcohols 

n-Butanol 

2967  4 

0.5 

22.4 

1068  a 

0.5 

35 

Ethanol 

1066  1 

0.5 

31 

Isopropanol 

2982  7 

0.5 

19 

956.5 

0.5 

76 

Methanol 

1033  4 

0.1 

18 

10334 

0.5 

8  1 

Ketone  s 

Acetone 

r2T  7.7 

0.5 

36 

Methyl  ethyl  ketone 

1174.2 

0.5 

40 

Methyl  isobytyl  ketone 

2965.4 

OS 

IB 

Ester 

Ethyl  acetate 

124!  4 

OS 

SO 

Ethers 

Diethyl  ether 

<1429 

OS 

93 

1,4-Dmxane 

2863  7 

OS 

11 

(138.3 

0.5 

99 

Tetrahydrpluran 

298 1  7 

0.5 

17 

1084.4 

0.5 

26 

'  These  detection  it 


b  These  measurements  are  being  repeated 
(  These  bands  lall  <n  spectral  regions  containing  sharp  * 
limits  are  dependeni  on  humidity 


in  (ppb).  are  fw  P  ■  740  ion  and 

vapor  absorption  bands,  and  the  detection 


1000/sample). 

This  study  has  demonstrated  that  this 
FT-IR  system  can  be  used  to  detect  toxic 
compounds  in  the  atmosphere  over  a 
Superfund  site.  Within  a  matter  of  hours 
after  the  van  arrives  on  a  site,  qualitative 
and   quantitative   information    on    toxic 


atmospheric  compounds  can  be 
available.  From  this  information  one  can 
make  recommendations  for  additional 
monitoring  studies,  removal  or  remedial 
action,  and  determine  if  pre-established 
safety  levels  are  being  exceeded.  This 
mobile  laboratory  enhances  the  capability 
of  present  and  future  site  assessment. 

Performance  of  the  spectrometer  is 
presented  in  Table  2.  The  table  provides 
wave  numbers  of  peaks  used  for 
identification  and  quantitative  determina- 
tion of  volatile  organics,  the  spectral 
resolution  obtained  in  the  transformed 
spectra,  and  the  detection  limit  for  most 
compounds  at  a  path  length  of  100 
meters.  The  compounds  include  a  variety 
of  purgable  halogen  containing 
compounds  and  purgable  aromatics 
measured  by  current  EPA  methods,  as 
well  as  non-purgables  (e.g.,  n-butanol, 
1,4-dioxane  and  ethyl  acetate)  not 
amenable  to  standard  methods. 


William  G.  Fateley  and  Robert  M.  Hammaker  are  with  Kansas  State  University, 
Manhattan,  KS  66506.  Donald  F.  Gurka  (also  the  EPA  Protect  Officer,  see 
below)  is  with  Environmental  Monitoring  Systems  Laboratory,  Las  Vegas. 
NV  89193-3478. 
The  complete  report,    entitled    "Field   Demonstration   for   Mobile   FT-IR   for 
Detection  of  Volatile  Organic  Chemicals,"  (Order  No.    PB  90-192  OUIAS; 
Cost:  $23.00,  subject  to  change)  will  be  available  only  from: 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  V A  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Environmental  Monitoring  Systems  Laboratory 
U.S.  Environmental  Protection  Agency 
Las  Vegas,  NV  89193-3478 
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Manufacturing,  Machinery  & 
*  Tools 


1 091  Improvement  of  Wood  Processing  Systems 

1092  Computerized  Welding  Data 

1093  New  Pulley  Block 

1094  Balancing  Loads  Among  Robotic-Manipulator  Arms — Improved  controls 
would  result  in  safer  handling  of  delicate  objects. 

1 095  Borescope  Aids  Welding  in  Confined  Spaces — Video  viewing  eliminates 
blind  welding  in  inaccessible  locations. 

1 096  Dual-Head  Robotic  Welder — Distortion  in  welds  is  reduced 

1 097  Exact  Linearization  for  Control  of  Robots — The  equivalence  of  several 
theoretical  approaches  is  discussed. 

1098  Exponentially  Stabilizing  Robot  Control  Laws — New  control  laws  provide 
tradeoffs  between  computation  and  convergence. 

1099  Grinding  Away  Microfissures — Any  of  a  variety  of  abrasive  tips  is 
attached  to  a  small  motor. 

1 1 00  Removing  Dross  From  Molten  Solder — An  automatic  device  helps  to 
assure  good  solder  connections. 

1101  Rotor/Stator  Interaction  in  a  Diffuser  Pump — Measurements  of  steady 
and  fluctuating  pressures  are  reported. 

Software 

1 1 02  Simulating  a  Factory  via  Software — This  software  system  generates  a 
simulation  program  from  the  user's  responses  to  questions. 

1 1 03  Software  for  Numerically  Controlled  Machining — The  APT  code  is 
enhanced. 


Testing  &  Instrumentation 

1 1 04  Device  and  Technique  for  In-Process  Sampling  and  Analysis  of  Molten 
Metals  and  Other  Liquids  Presenting  Harsh  Sampling  Conditions 

1 1 05  Computer  Control  to  Assure  Quality  Welds 

1 106  Design  for  a  Radioscopic  Image  Quality  Indicator 
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U.S.  Forest  Service 


Improvement  of  Wood  Processing  Systems 


Researchers  at  the  Forest  Products  Laboratory  are  developing  a  system  called 
IMPROVE  (Integrated  Mill  Production  and  Recovery  Options  for  Value  and  Ef- 
ficiency). It  is  a  package  of  tools  to  measure  and  improve  processing  efficiency 
and  product  value  and  quality  in  sawmills,  veneer  mills,  and  plywood  plants. 
Data  collection  procedures  and  computer  software  combine  recovery  improve- 
ment programs  with  rnany  of  die  latest  technological  and  research  developments. 
IMPROVE  gives  primary  processors  an  easily  used  system  to  analyze  how  well 
logs  are  being  converted  to  end  products,  identify  opportunities  to  increase 
product  yield  and  value,  and  predict  the  effects  of  proposed  improvements. 

The  IMPROVE  system  consists  of  eight  major  programs,  each  capable  of 
evaluating  specific  processes  in  primary  manufacture;  The  eight  areas  being 
covered  are  log  processing  at  the  mill,  green  lumber  manufacture,  lumber  drying, 
lumber  dry  end  practices  including  planing,  green  veneer  manufacture,  veneer 
drying,  plywood  manufacture,  and  storage  and  shipping.  Each  of  these  programs 
basically  consists  of  a  test  procedure  to  measure  current  practices  and  computer 
analysis  to  identify '"potential  areas  for  improvement  and  simulate  the  effects  of 
changing  practices. 

Each  of  IMPROVE's  major  programs  can  be  used  independently,  but  the  results 
of  one  program  can  also  serve  as  input  for  the  next.  This  permits  tailoring  an 
analysis  to  an  individual  mill's  needs.  Designed  for  use  on  an  IBM  or  IBM  com- 
patible personal  computer,  each  program  consists  of  several  routines  that  analyze 
various  aspects  of  a  given  process.  As  with  the  programs,  the  routines  can  be 
used  independently  or  in  series. 

Part  of  a  multi-year  research  and  development  program,  IMPROVE  is  a 
cooperative  venture  of  the  Research  and  State  and  Private  Forestry  branches  of 
the  USDA  Forest  Service,  the  USDA  Extension  Service,  and  state  foresters.  As 
of  December  1989,  several  routines  are  available  for  distribution.  These  include: 

o  Statistical  quality  control  routines  to  analyze  size  control  in  lumber  and  veneer: 

©  Log  analysis  routine  to  tally  logs  and  enter  them  for  use  by  other  routines  in  the 
system. 

•  Veneer  analysis  routines  to  identify  opportunities  to  improve  veneer  yield  and 
value. 

9  Several  routines  to  simulate  log  breakdown  in  sawmills  and  aid  in  mill  operation 
and  troubleshooting. 

Eventually,  the  researchers  expect  to  produce  about  25  wood  processing  routines. 

For  more  technical  information,  contact  Jeanne  D.  Danielson  at  (608)  231-9351. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 ^__^ 


Computerized  Welding  Data 


Persons  interested  in  the  computerization  of  welding  data  will  want  to  get  a  new  publication  from  NIST  that 
includes  the  proceedings  of  a  1988  conference  on  this  subject.  The  publication  presents  an  overview  of  computers 
and  databases,  papers  on  applications  software,  and  various  case  studies.  Specific  topics  include  application  of 
artificial  intelligence  to  welding,  on-line  access  to  worldwide  sources  of  materials  performance  data,  a  weld 
improvement  program,  and  expert  systems  for  diagnosing  problems  in  welding  power  sources.  The  publication 
also  includes  the  proceedings  of  a  workshop  on  future  computerization  needs  in  the  welding  industry  and  an 
informal  survey  of  registrants'  use  of  computers  on  the  job. 

FOR  ADDITIONAL  INFORMATION:  Computerization  of  Welding  Data  -  Proceedings  of  the  Conference  and 
Workshop  (NIST  Special  Publication  781)  is  available  from  NTIS,  Springfield,  VA  22161;  (703)487-4600. 

NTIS  order  number:  PB9021551NAC 

Price  code:  A06 
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New  Pulley  Block 


Imagine  a  pulley  block  that  can  be 
quickly  removed  from  or  applied  to  a 
cable  at  any  point  on  its  length  without 
disassembling  the  cable  terminations 
or  the  pulley  block.  Then  imagine 
doing  this  without  the  use  of  any  tools. 

The  Naval  Avionics  Center  (NAC),  In- 
dianapolis, IN,  has  developed  a  new 
pulley  block  concept  called  the  "T-Slot 
Sheave."  This  pulley  block  fixture  in- 
corporates the  features  described 
above  and  much  more.  The  name  is 
derived  from  the  unique  double 
"slotted"  interlocking  fixture  halves. 
The  two  halves  rotate  around  the  pul- 
ley axis,  open  for  cable  removal  or  in- 
sertion, and  lock  into  place.  All  parts 
are  self-contained  and  cannot  be 
separated  or  lost  while  in  the  locked  or 
unlocked  position. 

The  unique  double  slotted  interlocking 
design  overcomes  the  severe  degrada- 
tion of  load  ratings  found  in  conven- 
tional quick  change  pulley  block  sys- 
tems. A  prototype  "T-Slot  Sheave" 
proved  to  have  a  much  higher  load 
rating  than  other  comparable  quick- 
change  pulley  blocks. 

This    new    pulley    block    design    was 


developed  by  NAC  primarily  for  foul 
weather  marine  use.  The  previously 
used  conventional  pulley  block  re- 
quired cumbersome  disassembly  and 
reassembly  resulting  in  parts  and 
wrenches  being  lost  in  the  water,  test- 
ing interrupted,  and  time  lost.  NAC 
has  been  using  this  new  design,  with 
great  success,  at  a  Naval  test  site  for 
the  past  year. 

The  pulley  block  can  be  produced  with 
conventional  manufacturing  technol- 
ogy, using  a  variety  of  well  known 
materials,  and  in  a  wide  range  of  sizes 
without  altering  the  primary  design 
features  or  benefits. 

Tremendous  usage  applications  exist  in 
both  military  and  commercial  areas.  A 
few  examples  might  be:  sea  going  ves- 
sels, cranes,  winches,  drag  lines, 
suspension  lines,  control  cables,  guide 
cables,  etc. 


A  patent  application  is  being  filed. 
Licensing  agreements  for  commercial 
marketing  may  be  discussed  by  con- 
tacting Mr.  Larry  Halbig  at  (317)  353- 
7075. 
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Balancing  Loads  Among 
Robotic-Manipulator  Arms 

Improved  controls  would 
result  in  safer  handling  of 
delicate  objects. 

A  paper  presents  a  rigorous  mathemati- 
cal approach  to  the  control  of  multiple 
robot  arms  simultaneously  grasping  one 
object.  The  mathematical  development  fo- 
cuses on  the  relationship  between  the  abili- 
ty to  control  the  degrees  of  freedom  of  the 
configuration  (i.e.,  the  angles  of  the  rotary 
and/or  extensions  of  the  linear  joints  of  the 
robot  arms)  and  the  ability  to  control  the 
forces  within  the  grasped  object  and  robot 
arms.  The  understanding  of  this  relation- 
ship should  eventually  lead  to  practical 
control  schemes  that  would  distribute  the 
load  more  equitably  among  all  the  arms 
while  grasping  the  object  with  the  proper 
nondamaging  forces. 

The  dynamical  equations  are  given  first 
in  several  joint-space  forms  that  represent 
the  constrained-joint-space  dynamics  and 
the  abstract  solution  to  the  closed-chain 
forward  dynamics  problem.  The  dynamical 
equations  are  then  placed  in  two  alterna- 
tive forms.  The  first  gives  insight  into  feed- 
back linearization  in  the  control  of  robots. 
The  second  shows  that  for  nonredundant 
arms,  the  configuration  space  of  the  held 
object  forms  a  good  set  of  generalized  co- 
ordinates. 

It  is  shown  that  the  loss  of  every  degree 
of  freedom  of  the  free-arm  configuration 
due  to  the  imposition  of  the  closed-chain 
kinematic  constraints  results  in  the  gain  of 
a  degree  of  freedom  for  the  internal  forces 


of  the  closed-chain  system,  which  can  be 
controlled  simultaneously  with  the  remain- 
ing degrees  of  freedom  of  the  configura- 
tion. The  subspace  of  controllable  internal 
forces  is  shown  to  be  isomorphic  to  the 
kernel  of  the  force-transmission  Jacobian 
(the  "contact-force  map"),  which  relates 
the  contact  forces  to  the  net  force  acting 
on  the  held  object.  This  subspace  is  also 
shown  to  depend  only  on  the  relative  loca- 
tions of  the  contact  points.  From  this  fact  it 
is  shown  that  the  vectors  that  span  this 
subspace  and  the  projector  into  this  sub- 
space  can  be  found  solely  from  the  loca- 
tions of  the  tips  of  the  arms.  It  is  shown  that 
the  internal  forces  can  be  influenced  inde- 
pendently of  the  degrees  of  freedom  of  the 
configuration  and  that  this  can  be  done  in  a 
feedforward  manner,  using  only  kinemati- 
cal  information  about  each  arm:  no  know- 
ledge of  the  object  is  required. 

It  is  shown  that  master/slave  multiarm 
control  can  be  viewed  as  a  special  case  of 
the  foregoing.  Because  the  subspace  of 
the  controllable  internal  forces  is  known  to 
be  the  kernel  of  the  contact-force  map,  a 
vector  4  in  this  subspace  can  be  used  to 
parameterize  the  controllable  internal 
forces  of  the  closed-chain  system.  It  can 
be  appreciated  intuitively  that  if  one  takes 
one  arm  to  be  the  "master"  and  controls 
the  position  of  the  tip  of  this  arm,  the  forces 
on  the  tips  of  the  remaining  arms  can  be 


controlled  to  obtain  desired  behavior  of  the 
closed-chain  system.  It  is  shown  that  |  is 
related  in  a  one-to-one  fashion  with  the 
contact  forces  on  the  slave  arms,  and  an 
explicit  form  of  the  relationship  is  given. 

The  concept  of  feedback  linearization  is 
generalized  somewhat,  and  it  is  shown  that 
the  closed-chain  system  can  be  represent- 
ed in  a  form  that  allows  for  decoupled  si- 
multaneous control  of  the  held  object  and 
the  internal  forces  of  the  closed-chain  sys- 
tem. It  is  shown  that  measurements  of  the 
contact  forces  (together  with  measure- 
ments of  the  states  of  the  arms)  make  it 
possible  to  control  position  and  orientation 
of  a  held  object  of  unknown  mass  and 
shape  while  still  maintaining  control  of  the 
internal  forces. 

The  last  topic  is  the  use  of  quadratic  op- 
timization to  utilize  the  degrees  of  freedom 
represented  by  |  to  balance  the  load  while 
regulating  the  contact  forces  imparted  to 
the  held  object.  An  unconstrained  quadrat- 
ic optimization  yields  a  solution  that  ap- 
pears to  shift  the  load  to  the  arms  that  have 
more  efficient  actuators  or  are  in  better 
kinematical  positions  to  support  the  object. 

This  work  was  done  by  Kenneth  K. 
Kreutz  andAnatole  Lokshin  ofCaltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Load  Balancing  and  Closed  Chain 
Multiple  Arm  Control." 
NPO-17649/TN 
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Borescope  Aids  Welding  in  Confined  Spaces 

Video  viewing  eliminates  blind  welding  in  inaccessible  locations. 


A  welding  torch  holds  a  video  bore- 
scope  to  give  its  human  operator  a  view  of 
a  workpiece  in  an  enclosed  space.  The  op- 
erator sees  a  clear,  magnified  image  on  a 
video  monitor  and  can  manipulate  the 
torch  accordingly,  despite  the  visual  ob- 
struction presented  by  the  enclosure. 

The  video  torch  was  developed  for  weld- 
ing a  retainer  to  a  support  in  the  main  injec- 
tor of  the  Space  Shuttle  main  engine.  Previ- 
ously, the  operator  could  not  see  the  rings 
and  had  to  weld  them  blindly. 

The  video  borescope  is  attached  to  the 
body  of  the  tungsten  arc-welding  torch  with 
glass  tape  (see  figure).  The  operator  grasps 
the  torch  and  places  it  in  the  enclosed 
space  near  the  joint  to  be  welded.  When 
the  tip  of  the  torch  is  in  position,  as  seen  on 
the  video  display,  the  operator  flips  a  small 
tinted  shield  in  front  of  the  video  borescope 
and  strikes  the  arc.  The  shield  protects  the 
video  borescope  from  the  excessive  glare 
of  the  arc  so  that  the  operator  can  continue 
to  observe  the  weld.  The  use  of  the  video 
system  reduces  welding  time  by  50  per- 
cent. It  also  increases  the  quality  of  the 
weld  substantially. 

This  work  was  done  by  Eddie  Carrasco 
and  Ronald  A.  Acuna  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is  avail- 
able.      MFS-29635/TN 


Adjustable 

Tinted  Welding 

snield 


Viewing  End 
ot  Borescope 


Borescope  Cable 

(Containing  Coherent 

Optical  Fibers) 


The  Welding  Torch  holds  a  video  borescope.  The  tinted  shield  is  tilted  up  while  the 
torch  is  being  positioned,  then  down  to  block  excess  light  during  welding. 
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Dual-Head  Robotic  Welder 

Distortion  in  welds  is  reduced. 


A  robotic  welder  uses  two  welding 
heads  simultaneously.  The  robot  was  de- 
veloped for  assembly  of  the  "hot  dog"  shell 
on  the  main  injector  for  the  Space  Shuttle 
main  engine  (see  figure),  and  the  concept 
is  applicable  to  other,  similarly  rounded  or 
contoured  workpieces.The  opposed  heads 
reduce  the  distortion  and  stress  in  opposed 
weld  joints  and  speed  up  welding  opera- 
tions. 

When  only  one  welding  head  was  used, 
small  segments  were  welded  on  joints  on 
alternating  sides  of  the  "hot  dog"  shell  until 
the  seams  were  complete.  The  welded 
parts  became  mismatched,  and  uneven 
stresses  built  up. 

With  the  opposed  heads,  welding  pro- 
ceeds continuously  on  both  joints  on  op- 
posite sides  of  the  workpiece.  The  oppos- 
ing welding  forces  tend  to  cancel  each 


One  Controller  Oper- 
ates   Two    Welding 

Torches  on  a  robot.  The 
robot  arms  move  the 
torches  together  along 
the  contours  of  the  two 
weld  joints. 


other,  resulting  in  little  or  no  distortion  of  the 
parts.  Stresses  are  distributed  more  even- 
ly. 

This  work  was  done  by  Gary  S.  Beard  of 


Rockwell  International  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available.    MFS-29610/TN 
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Exact  Linearization  for 
Control  of  Robots 

The  equivalence  of  several 
theoretical  approaches 
is  discussed. 

A  report  comments  on  the  application  of 
geometric  control  theory  (GCT),  resolved- 
acceleration  control  (RAC),  operational- 
space  control  (OSC),  and  nonlinear-decoup- 
ling theory  (NUT)  to  a  remote  manipulator 
consisting  of  multiple  rigid  links.  The  princi- 
pal concern  in  this  and  previous  studies  on 
these  topics  has  been  the  search  for  a  non- 
linear feedback  law  that  could  make  the 
end  effector  behave,  for  purposes  of  con- 
trol, as  though  its  dynamics  were  linear 
and  decoupled. 

The  first  chapter  summarizes  the  afore- 
mentioned theoretical  approaches.  The 
second  chapter  describes  the  dynamics  of 
manipulators  and  introduces  the  equations 
of  motion.  The  third  chapter  continues  the 
analysis  with  a  view  toward  calculation  of 
the  kinematics  of  the  end  effector  after  lin- 


earization: It  shows  how  the  positional  dy- 
namics are  decoupled  and  linearized, 
while  the  attitude  dynamics  remain  nonlin- 
ear but  controllable.  This  analysis  provides 
for  the  linearization  of  the  equations  of  the 
system  without  regard  to  a  particular  con- 
trol-theory approach  and  thus  helps  in  the 
comparison  of  the  different  approaches. 

The  fourth  chapter  compares  the  GCT, 
NDT,  and  OSC  approaches  on  a  manipula- 
tor of  6  degrees  of  freedom.  The  fifth  chap- 
ter derives  a  feedback  law  for  local  exact 
decoupled  external  linearization  and  dis- 
cusses its  relationship  to  RAC  and  GCT. 
The  sixth  and  final  chapter  presents  con- 
clusions. 

The  author  shows  that  GCT,  RAC,  OSC, 
and  NDT  all  lead  to  the  same  linearizing 
control  law  and  decoupling  of  the  motions  of 


the  end  effector  and  that  these  approaches 
differ  mainly  in  their  implementation  details 
and  design  philosophies.  Exploiting  the  fact 
that  the  mass  matrix  of  a  rigid-link  manipu- 
lator is  positive  definite,  the  author  demon- 
strates that  nonsingularity  of  the  Jacobian 
matrix  of  the  end  effector  is  a  necessary 
and  sufficient  condition  for  the  existence  of 
a  locally  output-decoupling  feedback  law. 
An  understanding  of  the  unity  among  the 
different  control-theory  approaches  makes 
it  relatively  easy  to  specify  this  feedback 
law. 

This  work  was  done  by  Kenneth  K. 
Kreutz  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  "On  Manipulator  Con- 
trol by  Exact  Linearization." 
NPO-17363/TN 
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Exponentially  Stabilizing  Robot  Control  Laws 

New  control  laws  provide  tradeoffs  between  computation  and  convergence. 


A  new  class  of  exponentially  stabilizing 
laws  for  the  joint-level  control  of  robotic 
manipulators  has  been  introduced.  In  the 
case  of  set-point  control,  this  approach  of- 
fers the  simplicity  of  a  proportional/deriv- 
ative control  architecture.  In  the  case  of 
tracking  control,  this  approach  provides 
several  important  alternatives  to  the 
completed-torque  method,  as  far  as  com- 
putational requirements  and  convergence. 
Finally,  the  new  control  laws  can  be 
modified  in  simple  fashion  to  obtain  asymp- 
totically stable  adaptive  control,  when  the 
robot  model  and/or  payload  mass  proper- 
ties are  unknown. 

It  has  been  recently  recognized  that  the 
nonlinear  dynamics  associated  with  robotic 
manipulators  have  certain  inherent  passiv- 
ity properties.  More  specifically,  the  deriva- 
tion of  the  dynamical  equations  of  robots 
from  Hamilton's  principle  gives  rise  to 
natural  Lyapunov  functions  for  the  design 
of  controls,  based  on  considerations  of 
total  energy.  Through  a  slight  modification 
of  the  energy  Lyapunov  function  and  the 
use  of  a  convenient  lemma  to  handle  third- 
order  terms  in  the  derivatives  of  the 
Lyapunov  function,  closed-loop  exponential 
stability  can  be  achieved  in  both  the  set- 
point-control  and  tracking-control  prob- 
lems. By  taking  this  approach,  one  avoids 
the  need  for  generalization  of  the  principle 
of  invariance  to  time-varying  systems,  a 
need  that  has  been  a  major  source  of  diffi- 
culty in  the  past. 

In  the  case  of  set-point  control,  one  can 
derive  exponentially  stabilizing,  proportion- 
al/derivative-plus-potential-shaping types 
of  control  laws  by  incorporating  artificial 
potential  fields  into  the  Lyapunov  function. 
Examples  of  simple  control  structures  ob- 
tained through  the  use  of  potential  fields 


Lower 
Barrier 

Upper 
Barrier 

i    ! 

=  Lower-Barrier 

Upper-Barrier 

Potential  Function 

Potential  Function 

Range  of  Free 
Movement  of  Joint 


Joint  Angle  or  Displacement 

Upper-  and  Lower-Barrier  Potential  Functions  can  be  incorporated  into  energylike  Lyapunov 
functions  to  define  joint  stops. 


« 


include  proportional/derivative  alone,  pro- 
portional/derivative plus  bias,  and  propor- 
tional/derivative plus  joint-stop  barrier  (see 
figure). 

In  the  case  of  tracking  control  (that  is, 
making  the  robot  follow  a  prescribed  tra- 
jectory), the  modified  Lyapunov  function 
leads  more  directly  to  exponentially  stable 
control  laws.  This  class  of  control  laws 
offers  an  alternative  to  control  laws  derived 
by  the  more-conventional  computed-torque 
method,  which  compensates  for  nonlinear 
components  of  the  dynamics  of  the  robot. 
This  class  of  control  laws  also  provides 
tradeoffs  between  stability  (or  converg- 
ence) and  the  amount  of  on-line  computa- 


tion required,  which  is  directly  related  to 
performance  via  the  maximum  rate  of 
sampling.  In  the  case  of  one  such  control 
law,  the  nonlinear  structure  is  decoupled 
from  the  real-time  measurements,  com- 
pletely eliminating  the  requirement  for  on- 
line nonlinear  computation. 

Asymptotically  stable  adaptive  control  is 
also  possible  with  the  same  control  ar- 
chitecture, and  is  discussed  in  a  separate 
paper. 

This  work  was  done  by  John  T.  Wen 
and  David  S.   Bayard  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17587/TN 
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Grinding  Away  Microfissures 

Any  of  a  variety  of  abrasive  tips  is  attached  to  a  small  motor. 


A  treatment  similar  to  dental  polishing 
can  be  used  to  remove  microfissures  from 
metal  parts  without  reworking  adjacent 
surfaces.  The  treatment  was  devised  to 
eliminate  spurious  marks  on  welded  parts. 
Such  marks  could  give  rise  to  false  indica- 
tions of  cracks  during  penetrant-dye  in- 
spections. In  some  cases,  the  marks  can 
be  caused  by  the  spurs  of  rotary  files  used 
to  remove  excess  material. 

As  shown  in  the  figure,  an  abrasive  tip 
on  a  dental  drill  or  other  small  rotary  power 
tool  is  applied  to  the  spot  to  be  treated. 
When  treating  an  inaccessible  area  or  a 
surface  of  complicated  shape,  the  tip 
should  be  a  dental  rubber  abrasive-holding 
cup  filled  with  a  polishing  compound  or 
other  abrasive  that  is  compatible  with  the 
workpiece.  The  rubber  cup  conforms  to 
the  surface  of  the  workpiece.  When  the 
spot  to  be  treated  is  more  accessible,  the 
tip  could  be  a  grinding  stone,  wire  brush, 
rubber/abrasive  composite,  or  Scotch 
Brite  (or  equivalent). 

This  work  was  done  by  Gary  N.  Booth 
and  R.  Michael  Malinzak  of  Rockwell 
International   Corp.    for   for   Marshall 
Space  Flight  Center. 
MFS-2956/TN 
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An  Abrasive  Tip  Driven  by  a  Small  Motor  is  used  to  grind  the  spot  to  be  treated.  The  configur- 
ation of  the  grinding  head  must  be  compatible  with  the  configurations  of  the  motor  and 
workpiece. 
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Removing  Dross  From  Molten  Solder 

An  automatic  device  helps  to  assure  good  solder  connections. 


A  machine  wipes  dross  away  from  an 
area  on  the  surface  of  molten  solder  in  a 
pot.  Intended  for  use  in  a  robotic  system  for 
the  fabrication  of  electronic  circuits,  the 
machine  helps  to  provide  the  clean  liquid- 
solder  surface  that  is  necessary  for  good 
soldered  connections.  The  machine  func- 
tions somewhat  in  the  manner  of  a  wind- 
shield wiper,  except  that  it  moves  in  one 
direction  only.  An  arm  is  rotated  by  a  motor 
in  a  tilted  plane  on  a  mount  attached  to  the 
solder  pot  (see  Figure  1). 


The  arm  normally  remains  at  rest  at  a 
position  determined  by  a  parking  switch, 
with  which  the  arm  makes  mechanical  con- 
tact at  that  position.  A  trigger  pulse  sup- 
plied by  an  external  robot  causes  a  control 
circuit  (see  Figure  2)  to  turn  the  motor  on, 
thereby  causing  the  arm  to  start  rotating 
away  from  the  parking  switch. 

A  blade  on  the  arm  sweeps  down  into, 
through,  then  up  and  out  of  the  molten 
solder.  With  little  splashing  or  rippling  of  the 
solder,  the  blade  sweeps  the  dross  to  one 

Figure  1.   The  Dross- 
Removing    Machine 

,'i  sweeps  across  the  sur- 
face of  molten  solder 
somewhat  in  the  man- 
ner of  a  windshield 
wiper. 


Polytetrafluoroethylene 
'Sliding  Bearing 


Figure  2.  Each  Cycle 
of  Operation  is  trig- 
gered by  a  pulse  from 
an  external  robot. 
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side.  The  arm  continues  to  rotate  until  it 
once  again  strikes  the  parking  switch  and 
stops.  A  new  rotating/sweeping  cycle 
begins  upon  receipt  of  a  new  trigger  pulse. 

The  dross-removing  equipment  has 
worked  well  for  a  few  years  in  use  with  a 
robot  in  the  automated  assembly  of  com- 
ponents for  the  Space  Shuttle  controller. 
The  equipment  could  be  used  wherever 
precise,  automated  soldering  must  be 
done  to  military  specifications. 

This  work  was  done  by  Winston  S. 
Webb  of  Honeywell,  Space  and  Strategic 
Avionics  Division,  for  Marshall  Space 
Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28406HN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Rotor/Stator  Interaction 
in  a  Diffuser  Pump 

Measurements  of  steady 
and  fluctuating  pressures 
are  reported. 

A  report  describes  experiments  designed 
to  investigate  interactions  between  blades 
of  the  impeller  and  both  a  vaned  and  vane- 
less  diffuser  (stator)  in  a  diffuser  pump. 
Although  the  pump  was  designed  to  handle 
oxygen  at  high  pressure,  water  was  used  in 
the  tests.  Measurements  of  both  steady 
and  fluctuating  pressures  were  taken  at 
various  locations  on  the  diffuser  vanes  of 
the  vaned  diffuser  and  on  the  shroud  walls 
of  both  the  vaned  and  vaneless  diffusers. 
The  measurements  were  taken  at  various 
flow  coefficients,  shaft  speeds,  and  radial 
gaps  between  the  blades  and  vanes. 

The  fluctuations  in  pressure  were  found 
to  be  larger  on  the  suction  side  than  on  the 
pressure  side  of  a  vane.  The  maximum  fluc- 
tuations occurred  in  the  vicinity  of  the 
leading  edge  and  were  of  the  order  of  mag- 
nitude of  the  total  rise  in  pressure  through 
the  pump.  For  a  radial  gap  of  1.5  percent  of 


the  radius  of  the  impeller  at  the  discharge 
end,  the  pressure  on  the  suction  side  of  a 
vane  was  found  to  fall  locally  below  the 
upstream  pressure  immediately  after  the 
trailing  edge  of  an  impeller  blade  has 
passed  the  leading  edge  of  the  vane.  The 
large  fluctuations  in  pressure  on  the  front 
half  of  the  suction  side  of  a  vane  decreased 
by  about  50  percent  when  the  radial  gap 
was  increased  from  1.5  to  4.5  percent. 

The  steady  and  unsteady  components 
of  lift  on  a  vane  were  computed  from  the 
pressure  measurements  at  its  mid  height. 
The  magnitude  of  the  fluctuating  compo- 
nent was  found  to  be  greater  than  that  of 
the  steady  component,  indicating  that  the 
vane  is  subject  to  a  large  periodic  load.  The 
magnitude  of  the  fluctuating  component 
and  the  ratio  of  magnitude  of  the  fluc- 
tuating component  to  that  of  the  steady 
component  were  found  to  decrease  strong- 


ly when  the  gap  was  increased  from  1.5  to 
4.5  percent. 

The  fluctuations  in  pressure  near  the 
hub  were  found  to  be  considerably  larger 
than  were  those  near  the  shroud.  The  fluc- 
tuations in  pressure  on  the  front  of  the 
shroud  on  the  vaned  diffuser  were  found  to 
be  considerably  larger  than  were  those  on 
the  vaneless  diffuser.  This  indicated  that 
close  spacing  of  the  impeller  and  the  dif- 
fuser increased  the  unsteadiness  of  the 
flow. 

This  work  was  done  by  A.J.  Acosta, 
C.E.  Brennen,  and  of  T.K.  Caughey  of 
Caltech  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-26092/TN. 
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Simulating  a  Factory 
via  Software 

This  software  system 
generates  a  simulation 
program  from  the  user's 
responses  to  questions. 

The  AMPS/PC  system  is  a  simulation 
software  tool  designed  to  aid  the  user  in  de- 
fining the  specifications  of  a  manufacturing 
environment  and  then  automatically  writing 
code  for  the  target  simulation  language, 
GPSS/PC.  The  domain  of  problems  that 
AMPS/PC  can  simulate  is  that  of  manufac- 
turing assembly  lines  with  subassembly 
lines  and  manufacturing  cells. 

The  user  defines  the  problem  domain  by 
responding  to  the  questions  from  the  inter- 
face program.  On  the  basis  of  the  respons- 
es, the  interface  program  creates  an  in- 
ternal problem-specification  file.  This  file 
includes  the  manufacturing-process  net- 


work flow  and  the  attributes  for  all  stations, 
cells,  and  stock  points.  AMPS  then  uses  the 
problem-specification  files  as  input  for  the 
automatic  code-generator  program  to  pro- 
duce a  simulation  program  in  the  GPSS  tar- 
get language.  The  output  of  the  generator 
program  is  the  source  code  of  the  corre- 
sponding GPSS/PC  simulation  program. 

The  system  runs  entirely  on  an  IBM  PC 
running  PC  DOS  Version  2.0  or  higher  and  is 
written  in  Turbo  Pascal  Version  4,  requiring 
640K  of  memory  and  one  360K  disk  drive. 
To  execute  the  GPSS  program,  the  PC  must 
have  resident  the  GPSS/PC  System  Version 
2.0  from  Minuteman  Software.  The  AMPS/ 


PC  program  was  developed  in  1988. 

This  program  was  written  by  Bernard  J. 
Schroer,  Shou  X.  Zhang,  and  Fan  T.  Tseng  of 
the  University  of  Alabama,  Huntsville,  for 
Marshall  Space  Flight  Center. 
MFS-28398fTN 
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Software  for  Numerically 
Controlled  Machining 

The  APT  code  is  enhanced. 

The  APT  computer  code  is  one  of  the 
most  widely  used  software  tools  for  com- 
plex numerically  controlled  (NIC)  machin- 
ing. "APT"  is  an  acronym  for  Automatically 
Programmed  Tools  and  is  used  to  denote 
both  a  computer  language  and  the  soft- 
ware that  processes  that  language.  Devel- 
opment of  the  APT  language  and  software 
system  was  begun  over  20  years  ago  as  a 
U.  S.  government-sponsored  industry  and 
university  research  effort.  APT  is  a  "prob- 
lem-oriented" language  that  was  devel- 
oped for  the  explicit  purpose  of  aiding  N/C 
machine  tools. 

Machine-tool  instructions  and  geometry 
definitions  are  written  in  the  APT  language 
to  constitute  a  "part  program."  The  APT 
part  program  is  processed  by  the  APT  soft- 
ware to  produce  a  cutter-location  (CL)  file. 
This  file  can  then  be  processed  by  post- 
processors supplied  by  the  the  user  to  con- 
vert the  CL  data  into  a  form  suitable  for  a 
particular  N/C  machine  tool.  The  present 
offering  of  the  APT  system  represents  an 
adaptation,  with  enhancements,  of  the  pub- 
lic-domain version  of  APT  IV/SSX8  to  the 
DEC  VAX-1 1/780  computer  for  use  by  the 
Engineering  Services  Division  of  the  NASA 
Goddard  Space  Flight  Center.  Enhance- 
ments include  the  super  pocket  feature, 
which  allows  concave  polygon  pockets. 

Recent  modifications  to  APT  include  the 
expansion  of  the  sizes  of  arrays  and  buffers 
to  accommodate  larger  part  programs,  the 
insertion  of  a  few  user-friendly  error  mes- 
sages, and  the  correction  of  programming 


errors  that  affect  the  POCKET  command 
and  some  of  the  sculptu red-surface  com- 
mands (notably  SSURF  and  SCURV). 

The  APT  system  software  on  the  DEC 
VAX-1 1  /780  computer  is  organized  into  two 
separate  programs:  the  load  complex  and 
the  APT  processor.  The  load  complex 
handles  the  table-initiation  phase  and  is 
usually  run  only  when  changes  to  the  APT 
processor  capabilities  are  made.  This 
phase  initializes  character-recognition  and 
syntax  tables  for  the  APT  processor  by 
creating  FORTRAN  block  data  programs. 

The  APT  processor  consists  of  four  com- 
ponents: the  translator,  the  execution  com- 
plex, the  subroutine  library,  and  the  CL 
editor.  The  translator  examines  each  APT 
statement  in  the  part  program  for  recog- 
nizable structure  and  generates  a  new 
statement,  or  series  of  statements,  in  an  in- 
termediate language.  The  execution  com- 
plex processes  all  of  the  definition,  motion, 
and  related  statements  to  generate  cutter- 
location  coordinates. 

The  subroutine  library  contains  routines 
that  define  the  algorithms  required  to  proc- 
ess the  sequenced  list  of  intermediate- 
language  commands  generated  by  the 
translator.  The  CL  editor  reprocesses  the 
cutter-location  coordinates  according  to 
commands  supplied  by  the  user  to  gener- 
ate a  final  CL  file.  A  sample  postprocessor 
included  in  the  program  translates  a  CL  file 
into  a  form  for  use  with  a  Wales  Strippit  Fa- 
bramatic  Model  30/30  sheet-metal  punch. 
The  user  should  be  able  to  readily  develop 


postprocessors  for  other  N/C  machine 
tools. 

The  APT  language  is  statement-orient- 
ed, sequence-dependent  language.  With 
the  exception  of  such  programming  tech- 
niques as  looping  and  macros,  statements 
in  an  APT  program  are  executed  in  a  strict 
first-to-last  sequence.  To  provide  program- 
ming capability  for  the  broadest  possible 
range  of  parts  and  of  machine  tools,  and 
the  curved-super-pocket  feature  that  al- 
lows arcs  and  straight  lines  to  bound  the 
pocket,  APT  input  (and  output)  is  general- 
ized, as  represented  by  three-dimensional 
geometry  and  tools,  and  arbitrarily  uni- 
form, as  represented  by  the  moving-tool 
concept  and  output  data  in  absolute  coor- 
dinates. 

The  APT  system  software  is  written  in 
FORTRAN  77  for  batch  and  interactive  ex- 
ecution and  has  been  implemented  on  a 
DEC  VAX  series  computer  under  VMS  4.4. 
The  enhancements  for  this  version  of  APT 
were  last  updated  in  1988. 

The  enhancements  of  this  program 
were  written  by  D.  A.  Premo,  computer 
consultant,  under  contract  to  Goddard 
Space  Flight  Center. 
GSC-13214/TN 
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Device  and  Technique  for  In-Process  Sampling  and 
Analysis  of  Molten  Metals  and  Other  Liquids 
Presenting  Harsh  Sampling  Conditions 


The  need  for  on-line  analysis  has  grown  in  the  metals  industry  due  to  an  increasing  use  of  continuous  processing. 
In  addition,  the  need  for  higher  quality  metal  alloys  has  increased,  total  process  lines  have  shortened,  and  energy 
costs  have  increased.  Cost  and  productivity  can  be  affected  by  the  timeliness,  time  required  for  sampling  and 
testing,  and  accuracy  of  the  analysis.  A  method  for  continuously  analyzing  liquids  is  being  developed  by  the 
creation  of  a  supersonic  spray  that  is  shaped  and  sized  prior  to  its  delivery  to  an  analysis  apparatus.  The  gas  and 
liquid  are  mixed  in  a  converging-diverging  nozzle  where  the  liquid  is  sheared  into  small  particles  that  are  of  a  size 
and  uniformity  to  form  a  spray  that  can  be  controlled  through  adjustment  of  pressures  and  gas  velocity.  The  spray 
is  shaped  by  a  concentric  supplemental  flow  of  gas. 

This  device  and  technique  will  be  used  in  the  analysis  of  molten  metals  and  other  liquids  in  harsh  environments  for 
process  control. 

Laboratory  Name:  Idaho  National  Engineering  Laboratory. 

Reference  No.:  DOE-INEL-058. 

Patent  Status:  U.S.  Patent  No.  4,806,150.  Available  for  licensing. 

FOR  ADDITIONAL  INFORMATION:  Streier,  G.G.,  Manager,  ORTA,  EG&G  Idaho,  Inc.,  P.O.  Box  1625,  Idaho 
Falls,  ID  83415-3561;  Telephone:  FTS:  583-6042;  Commercial:  (208)526-6042. 
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Computer  Control  To  Assure  Quality  Welds 


NIST  scientists  have  developed  a  computer-aided  system  to  study  the  behavior  of  a  welding  arc  in  real  time  and  the 
transfer  of  the  metal  through  the  arc  to  the  weld.  Using  a  microcomputer,  the  researchers  analyze  the  fluctuations 
in  the  current  and  voltage  values  as  a  function  of  various  welding  parameters  such  as  power  supply  voltage  setting. 
This  analysis  then  allows  them  to  control,  in  real  time,  the  stability  of  the  arc  and  the  uniformity  of  metal  transfer 
from  the  wire  to  the  weld  joint.  "Computer  control  that  can  achieve  the  same  weld  integrity  and  consistency  as  an 
experienced  welder  permits  substantial  automation  and  the  resultant  benefits,"  they  report  in  Welding  Journal.  The 
work  is  part  of  ongoing  NIST  research  to  develop  measurement  technology  that  improves  the  welding  process. 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  the  article,  paper  no.25-90,  contact  Jo  Emery,  Div.  104, 
NIST,  Boulder,  Colo.  80303;  303/497-3237. 
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Design  for  a  Radioscopic  Image  Quality  Indicator 

A  long-established  way  to  test  the  quality  of  a  weld  is  to  x-ray  it  and  analyze  the  film  for  flaws  and  imperfections. 
More  recently,  this  process  has  been  computerized  and  digitized  so  that  film  can  be  replaced  by  an  electronic 
system  that  projects  the  image  on  a  video  screen.  This  permits  real-time  examination  of  the  weld  and  improves 
productivity  by  allowing  the  object  to  be  rotated  during  inspection.  But  the  procedure  has  been  inhibited  by  lack  of 
an  indicator  that  evaluates  image  quality  as  the  specimen  and  its  associated  image  quality  indicator  (IQI)  are 
rotated.  NIST  scientists  have  developed  a  design  for  an  indicator  that  has  spherical  symmetry  and  provides  the 
same  image  quality  information  independent  of  rotation.  "Preliminary  investigations,  including  image  analysis  of 
film  radiographs,  indicate  that  the  central  portion  of  the  IQI  can  be  used  to  measure  thickness  sensitivity  to  the  1 
percent  and  2  percent  levels,"  the  scientists  report.  Future  work  will  be  aimed  at  developing  a  technique  to  give 
quantitative  measurements  of  quality. 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  paper  no.  24-90,  which  describes  the  design,  contact  Jo 
Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303;  303/497-3237. 
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Characterization  of  Fiber-Reinforced  Particulate  Filters 


Key  words:  Particulate  filter;  chemical-vapor 
infiltration;  hot-gas  cleanup;  coal-conversion 
systems;  coal  gasification;  pressurized  fluidized- 
bed  combustor 


Particulate  filters  that  operate  at  temperatures  to 
1300  K  (1027°C)  will  be  required  for  cost-effective 
operation  of  advanced  coal-conversion  systems. 
Processes  of  particular  interest  include  coal 
gasification  and  direct  combustion  of  coal  in 
pressurized  fluidized-bed  combustors.  New 
technologies  that  will  require  hot-gas  cleanup 
devices  include  coal-fired  gas  turbines  and 
coal-fired  diesel  engines.  Commercially  proven 
techniques  for  particulate  removal  are  available,  but 
these  techniques  require  that  the  gas  be  cooled 
before  entering  the  filter. 

Three  types  of  high-temperature  ceramic 
filters  (candle,  crossflow,  and  fabric  filters)  are 
being  developed  for  coal-conversion 
systems.  Currently,  they  can  withstand  only  several 
hundred  hours  of  testing  before  failure.  Each  of 
these  designs  has  serious  limitations  that  prevent 
its  use  in  coal-conversion  systems.  Candle  filters 
and  crossflow  filters  are  both  weakened  by  the 
thermal  and  mechanical  stresses  associated  with 
normal  operation  and  cleaning.  This  weakening 
leads  to  catastrophic  failure  of  the  filters,  which 
quickly  results  in  serious  damage  to  downstream 
equipment.  The  porous  nature  of  flexible  fabric 
filters  and  the  use  of  low-modulus  continuous  fibers 
make  them  very  resistant  to  thermal  shock,  but  the 
fibers  are  easily  weakened  by  rough  handling, 
excessive  temperatures,  or  corrosion.  Fabric  filters 
need  to  be  supported  by  metal  mesh,  which  limits 


the  temperature  at  which  they  can  operate.  The 
most  frequently  observed  failure  of  fabric  filters  is 
loss  of  efficiency  through  "pinholing."  Pinholes  form 
in  fabric  filters  because  the  fibers  are  free  to  move 
within  the  felt  or  weave. 

A  new  type  of  high-temperature  particulate  filter 
has  been  developed  at  ORNL  that  overcomes  the 
problems  associated  with  other  filter  designs 
currently  under  development.  (Fig.  1 )  The  new  filters 
consist  of  a  mat  or  felt  of  continuous  ceramic 


Fig.  1.  Photomicrograph  of  a  continuous-fiber 
sample  coated  with  a  protective  ceramic  matrix.  A 
pyrocarbon  coating  was  used  to  control  the  fiber- 
coating  interfacial  bond. 
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fibers  overcoated  with  a  protective  SiC  layer.  This 
coating  provides  the  necessary  strength  and 
corrosion  resistance  that  permits  ceramic  fibers  to 
be  used  in  advanced  coal-conversion  systems. 
Strength  is  achieved  because  the  ceramic  coating 
bonds  fibers  together  at  crossover  points  and 
rigidizes  the  material.  The  ceramic  fibers 
are  also  protected  by  the  SiC  coating,  which  is 
impervious  to  corrosive  species  present  in  the 
combustion  atmosphere. 

Fiber-reinforced  filters  also  exhibit  exceptional 
filtering  efficiency  and  damage  tolerance  (the 
capacity  to  withstand  local  overstress  without 
catastrophic  failure).  Damage  tolerance  is 
obtained  because  the  design  of  the  fiber-coating 
interfacial  bond  allows  the  elastic  fibers  to  slip 
within  the  ceramic  overcoat.  Slippage  of  fibers 
within  the  coating  absorbs  energy  and  prevents 
the  propagation  of  cracks  through  the  felt-like 
material.  As  in  a  fiberglass  composite,  when  the 
matrix  fractures,  the  fibers  remain  intact  to  carry 
the  load.  High  filtering  efficiencies  are  obtained 


because  fibers  are  locked  together  and  are  no 
longer  free  to  move  and  create  the  pinholes 
that  result  in  the  low  filtering  efficiencies  seen  in 
fabric  filters. 


D.  P.  Stinton,  L.  R.  Riester,  and  D.  Dellinger, 
Characterization  of  Fiber-Reinforced  Particulate  Filters, 
ORNL/TM-1 1 1 97,  Oak  Ridge  National  Laboratory  (May 
1989). 

D.  P.  Stinton,  R.  A.  Lowden,  and  R.  Chang,  "Fabrication 
of  Fiber-Reinforced  Hot-Gas  Filters  by  CVD 
Techniques,"  Ceram.  Eng.  Sci.  Proc. 
9(9-10),  1233-43(1988). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Chemical  Vapor  Deposition  in  the  Silicon-Carbon  and 
Boron-Carbon-Nitrogen  Systems 


Key  words:  Chemical  vapor  deposition;  high- 
temperature  ceramics;  silicon-carbon  system; 
boron-carbon-nitrogen  system;  rate-limiting 
mechanisms 

High-temperature  ceramic  components  are 
currently  being  developed  for  use  in  advanced 
energy  systems.  Ceramic  components,  including 
wear  parts,  filters,  and  structural  materials,  are 
valued  for  their  light  weight  and  tolerance  to  high 
temperatures  and  corrosion.  However,  these 
brittle  materials  require  treatments  to  improve 
their  strength  and  hardness.  Chemical  vapor 
deposition  (CVD)  is  being  studied  to  develop  both 
suitable  coatings  and  the  techniques  needed  to 
apply  them  (Fig.  1). 


One  such  research  effort  is  described  in  the 
ORNL  report,  Chemical-Vapor  Deposition  in  the 
Silicon-Carbon  and  Boron-Carbon-Nitrogen 
Systems.  This  effort  was  divided  into  two  related 
areas.  First,  the  fundamental  rate-limiting 
processes  in  the  deposition  of  SiC  coatings  were 
studied.  Second,  two-phase  B4C-BN  was 
investigated  as  a  potential  wear  coating. 

Several  techniques  were  combined  to  establish 
the  rate-limiting  processes  for  the  deposition  of 
SiC,  including  equilibrium  analysis,  mass 
spectrometric  measurements  of  gas-phase 
species,  analysis  of  kinetic  data,  and 
thermokinetic  assessment.  The  equilibrium 
analysis,  carried  out  with  a  custom  computer 
code  (SOLGASMIX-PV),  analyzed 


EXHAUST 


MASS   FLOW 
CONTROLLER 


Fig.  1.  Example  of  a  coid-wall  reactor  used  for  the  chemical-vapor  deposition  of  B4C-BN.  The 
preheater  prevents  ammonium  chlorides  from  precipitating;  the  vacuum  system  allows  deposition 
under  controlled,  reduced  pressures. 
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methyltrichlorosilane  (MTS)  diluted  with  either 
hydrogen  or  an  inert  gas.  MTS  was  determined  to 
be  a  relatively  unstable  species  that  would  readily 
decompose  into  SiCI4and  CH4.  Single-phase  SiC 
would  form  under  all  the  conditions  explored;  HCI 
would  be  the  product  gas.  Continuous 
measurement  of  the  reactant  gases 
corroborated  the  computer  analysis.  The  CVD 
reactants  that  reached  the  substrate  surface  were 
SiCI4and  CH4;  these  reactants  are  likely  to  be 
important  in  discerning  the  rate-limiting 
mechanisms. 

Comparisons  between  kinetic  data  for  the  CVD 
MTS  system  with  data  from  previous  research 
indicate  that  deposition  of  SiC  from  MTS  in  the 
presence  of  hydrogen  is  limited  by  adsorption  or 
surface  diffusion.  Therefore,  elucidation  of  its 
processes  depends  on  further  in  situ  analysis. 
Deposition  of  SiC  from  MTS  diluted  with  an 
inert  gas  is  limited  by  a  unimolecular  surface  or 
gas-phase  reaction,  so  it  was  possible  to  identify 
four  likely  rate-limiting  reactions  using 
thermokinetic  analysis  based  on  tabulated 
thermodynamic  data. 

In  the  second  area  of  research,  deposition  of  a 
two-phase  ceramic  coating  with  improved  fracture 
toughness  was  attempted.  Coatings  with  improved 
fracture  toughness  are  sought  because  they  would 
overcome  the  spalling  and  cracking  caused  by  the 
difference  in  expansion  coefficients  between  the 
ceramic  and  the  coating.  Two-phase  B4C-BN  was 
investigated  because  it  offers  good  protection 
against  oxidation,  corrosion,  wear,  and  erosion. 
The  major  phase  (B4C)  is  exceptionally  hard;  the 
softer,  minor  phase  (hexagonal  BN)  would  improve 
the  fracture  toughness. 


Extensive  equilibrium  analyses  were  performed 
using  the  SOLGASMIX-PV  code  and  varying 
reactant  concentrations,  total  pressure,  and 
temperature.  Then,  individual  coatings  of  B4C  and 
BN  were  successfully  produced  on  a  graphite 
substrate.  Finally,  a  two-phase  coating  was 
attempted,  with  unexpected  results:  all  attempts 
produced  a  single-phase  coating.  Analysis  of  this 
coating  indicated  that  the  hexagonal  BN  formed  a 
"turbostratic"  structure  (highly  ordered,  graphite- 
like layers  having  little  or  no  order  between  them). 
Compared  with  B4C,  this  coating  is  relatively  soft 
(Vickers  hardness  of  about  430)  and  substantially 
more  elastic;  its  friction  coefficient  of  about  0.39 
compares  well  with  the  reported  room-temperature 
coefficient  of  0.4  for  BN. 


T.  M.  Besmann,  Chemical-Vapor  Deposition  in  the 
Silicon-Carbon  and  Boron-Carbon-Nitrogen  Systems, 
ORNL/TM-10884,  Oak  Ridge  National  Laboratory 
(November  1988). 

T.  M.  Besmann,  SOLGASMIX-PV:  A  Computer  Program 
to  Calculate  Equilibrium  Relationships  in  Complex 
Chemical  Systems,  ORNL/TM-5775,  Oak  Ridge 
National  Laboratory  (April  1977). 
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Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

$     National  Institute  of  Standards  &  Technology 
Formerly  the  National  Bureau  of  Standards  (NBS) 
U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Terpene-Based  Solvent  Target  of  EMPF  Research 


Petroferm  Bioact  EC-7  is  the  target  of 
the  Electronics  Manufacturing  Produc- 
tivity Facility's  (EMPF)  Phase  2  research 
in  the  effort  to  find  alternatives  to  chlo- 
rofluorocarbon-based  cleaning  solvents. 
Bioact  EC-7  is  a  terpene-based  solvent 
that  is  biodegradable,  poses  no  threat  to 
the  earth's  ozone  layer,  and  is  believed 
to  be  non-toxic.  However,  unlike  CFC 
solvents,  which  readily  evaporate,  ter- 
pene  solvents  leave  a  residue  that  must 
be  removed  by  rinsing  with  water. 

The  EMPF  research  is  part  of  a  three- 
phase  effort  sponsored  by  the  Environ- 
mental Protection  Agency,  Department 
of  Defense,  and  industry.  In  Phase  1 ,  a 
CFC  1 1 3  solvent  was  used  to  establish  a 
cleanliness  standard  against  which  to 
measureother  cleaning  materials.  Test- 
ing was  performed  both  at  the  EMPF  and 
at  the  Naval  Avionics  Center  in  Indian- 
apolis. Phase  1  results  are  available 
from  the  Institute  for  Interconnecting  and 
Packaging  Electronic  Circuits  (IPC). 


The  search  for  alternatives  to  CFC- 
based  solvents  used  to  clean  circuit 
boards  has  become  intense  since  CFCs 
were  identified  as  the  primary  threat  to 
the  ozone  layer.  CFC  production  was 
cut  to  1 986  levels  on  1  July  1 989  and  the 
goal  is  to  phase  out  CFC  production  by 
1999.  A  large  number  of  chemical  pro- 
ducers, manufacturers,  defense  contrac- 
tors, government  agencies,  and  industry 
associations  are  involved  in  the  search 
for  alternatives  to  CFCs.  Many  firms 
have  proposed  alternatives  and  several 
are  expected  to  begin  testing  soon.  The 
EMPF  is  working  with  Petroferm,  Inc.,  to 
test  Bioact  EC-7. 

FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  contact: 

Mr.  Tim  Crawford 

AMRF  Project 

National  Institute  of  Standards  &  Technology 

Gaithersburg,  MD  20899 

Telephone:  (619)446-7706 
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Additives  Lower  Dielectric  Constants  of  Polyimides 

Dielectric  constants  as  low  as  2.43  make  polyimides  more  attractive  for  electronic  applications. 


Linear  aromatic  condensation  poly- 
imides are  being  used  increasingly  as  high- 
performance  film  and  coating  materials  by 
the  electronic-circuit  industry.  A  new  proc- 
ess makes  aromatic  condensation  poly- 
imide  films  and  coatings  with  dielectric 
constants  that  have  been  lowered  by  the 
incorporation  of  diamic  acid  additives. 

Polyimides  are  being  exploited  for  four 
primary  applications  in  microelectronics: 
(1)  as  fabrication  aids,  including  photore- 
sists, planarization  layers,  and  ion-implant 
masks;  (2)  as  passivant  overcoats  and  in- 
terlevel  insulators;  (3)  as  adhesives;  and  (4) 
as  substrate  components.  To  be  useful, 
particularly  as  a  passivant  or  protective 
overcoat,  the  material  must  be  an  excel- 
lent insulator.  The  dielectric  constants  of 
conventional  polyimides  currently  used  as 
state-of-the-art  materials  for  passivants 
and  interlevel  dielectrics  range  from  ap- 
proximately 3  to  4.0.  Recent  studies  at 
NASA  Langley  Research  Center  have  pro- 
duced polyimides  with  dielectric  constants 
in  the  range  of  2.4  to  2.8. 

In  the  new  process,  the  additives  are  in- 
corporated into  low-dielectric-constant  pol- 
yimides to  lower  the  dielectric  constants 
further.  The  preparation  of  a  polyimide  film 
or  coating  involves  the  room-temperature 
reaction  of  an  aromatic  diamine  in  a  sol- 
vent with  an  aromatic  dianhydride  to  yield  a 
polyamic  acid.  This  polymer  resin  is  then 
cast  as  a  film  and  thermally  cured  at  250  to 
300  °C  to  obtain  a  polyimide  film.  To  make 
a  low-dielectric-constant  film  or  coating, 
one  incorporates  3  to  15  weight  percent  of 
low-molecular-weight  amic  acid  additives 


Concentration 

Dielectric 

Additive 

of  Additive, 

Constant 

Weight  Percent 

at  10  GHZ 

6FDA/4-BDAF 

Base  Polymer 

(No  additive) 

— 

2.53 

6FDA-An 

3 

2.56 

5 

2.56 

10 

2.43 

3,3'-DDS02-PA 

3 

2.50 

5 

2.49 

10 

2.56 

ODPA-An 

5 

2.48 

4-BDAF-PA 

5 

2.48 

3-BDAF-PA 

5 

2.56 

3,3'-0DA-PA 

10 

2.45 

Selected  Additives  Lower  the  Dielectric 
Constant  of  the  polymer  6FDA/4-BDAF. 

in  the  polyamic  acid  resin  before  thermal 
imidization  of  the  film. 

The  monomers  chosen  for  the  synthesis 
of  these  additives  offer  means  of  physically 
incorporating  bulky  -  CF3groups  and  of  in- 
troducing meta-isomerism  in  the  diamine 
monomers.  Studies  of  the  relationship  be- 
tween structures  and  properties  have 
shown  that  these  are  effective  means  of 
lowering  the  dielectric  constants  of  poly- 
imides. 

In  experiments,  the  additives  were  in- 
corporated into  two  polymers,  BDSDA/4- 
BDAF  and  6FDA/4-BDAF.  As  shown  in  the 
table,  the  6FDA-An  additive  lowered  the 
dielectric  constant  of  6FDA/4-BDAF  from 
2.53  to  2.43.  Other  additives  that  lowered 
the  dielectric  constant,  though  not  as  ef- 
fectively, included  ODPA-An,  4-BDAF-PA 


and  3,3'-0DA-PA  The  4-BDAF-PA  additive 
was  the  most  effective  of  those  screened 
in  the  BDSDA/4-BDAF  system  (not  shown 
in  table),  providing  a  decrease  from  2.84  to 
2.59. 

The  new  materials  provide  better  elec- 
trical insulation  without  sacrificing  the  tem- 
perature stability  of  the  polyimide  binders. 
This  temperature  stability  enables  the  ma- 
terials to  serve  as  superior  fabrication  aids; 
for  example,  photoresists,  planarization 
layers,  and  passivants.  The  process  should 
be  applicable  whenever  high  temperature, 
low  absorption  of  moisture,  and  high 
electrical-insulation  properties  are  needed. 
Specific  applications  include  semiconduc- 
tors and  printed-circuit  boards  for  the  com- 
puter industry  and  possibly  the  automotive 
industry. 

This  work  was  done  by  Diane  M. 
Stoakely,  Anne  K.  St.  Clair,  Burt  R. 
Emerson,  Jr.,  and  Kenneth  M.  Proctor  of 
Langley  Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13902/TN. 

Langley  Research  Ctr. 
Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


< 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Efhynyl-Terminated  Imidothioethers  and  Derived  Resins 

Novel  materials  and  resin  blends  prepared  from  them  show  excellent 
processability  and  mechanical  properties. 


Structural  resins  with  favorable  combi- 
nations of  such  properties  as  long-term  en- 
vironmental durability  over  moderate  tem- 
perature ranges,  tolerance  to  damage,  and 
resistance  to  solvents  are  required  for  use 
in  hot  areas  on  advanced  and  commercial 
aircraft.  The  new  toughened  epoxies  ex- 
hibit excellent  properties,  but  the  temper- 
tures  at  which  they  can  be  used  are  limited. 

Bismaleimide  resins  are  some  of  the 
base  materials  being  formulated  to  devel- 
op materials  that  can  be  used  at  moderate 
temperatures.  Accordingly,  work  has  been 
conducted  on  the  use  of  the  acetylenic 
(ethynyl)  group  to  cross-link  and  extend  the 
chains  of  oligomers  and  polymers  to  obtain 
materials  that  can  perform  at  higher  tem- 
peratures. This  work  has  been  extended  to 
ethynyl-terminated  imidothioethers  (ETI's). 

Novel  ETI's  were  prepared  from  the 
reaction  of  N-(3-ethynylphenyl)maleimide 
and  aromatic  dimercaptans.  Blends  of 
ETI's  and  ethynyl-terminated  arylene  ether 
(ETAE)  oligomers  of  various  molecular 
weights  were  also  prepared  (see  figure). 
The  physical  and  mechanical  properties  of 
the  cured  blends  followed  a  trend  depend- 
ing upon  the  crosslink  density.  In  general, 
the  blends  exhibited  excellent  processa- 
bility and  showed  good  fracture  toughness, 
resistance  to  solvents,  and  adhesive  and 
composite  properties. 

The  ETI's  constitute  new  compositions 
of  matter.  The  properties  of  cured  ETI's  are 
similar  to  those  of  cured  bismaleimides  of 
similar  structure.  The  ETI's  are  formed  as 
mixtures  of  stereoisomers  (d,  I,  and  meso 
forms)  and,  as  such,  have  a  lower  and 
broader  range  of  melting  temperatures 
than  do  bismaleimides  of  similar  structure. 
These  factors  make  ETI's  more  amenable 
than  comparable  bismaleimides  are  to 
processing  into  adhesive  tapes  and  pre- 
pregs  via  melt  techniques.  The  ETI's  ex- 
hibit lower  melt  temperatures,  higher  frac- 
ture toughnesses,  and  better  adhesive 
properties  than  comparable  bismalei- 
mides. 

As  an  example,  an  ETI  was  blended  with 
an  equal  weight  of  an  ETAE  oligomer  with  a 
number  average  molecular  weight  of  8,000 


HC=C- 


®-°-sloLc  rSr^"® 

II  ^  u~^y  II 


— CsCH 


HC=C- 


-C=CH 


ETAE 
Heat 
Cured  Tough  Resin 


This  Blend  Derived  From  ETI  and  ETAE  Oligomers  exhibits  an  attractive  combination  of  me- 
chanical properties,  including  high  toughness. 


g/mole  (see  figure).  The  resulting  blend  was 
processed  into  moldings  and  adhesive 
specimens  by  heating  to  250  °C  under  a 
pressure  of  100  to  200  psi  (0.7  to  1.4  MPa) 
and  held  for  0.5  h.  The  fracture  toughness 
(K|C,  critical  stress  intensity  factor)  of  the 
neat  resin  was  approximately  1,500  psi* 
in. 1/2  (1.6  N«m  ~ 3/2).  Titanium-to-titanium 
tensile  shear  specimens  of  the  cured  blend 
provided  average  tensile  shear  strengths 
of  4,500  psi  (31.0  MPa)  at  a  temperature  of 
25  °C,  2,700  psi  (18.6  MPa)  at  150  °C,  2,200 
psi  (15.2  MPa)  at  177  °C,  and  2,550  psi  (17.6 
MPa)  at  177  °C  after  1,000  h  at  200  °C.  The 
failed  specimens  exhibited  predominately 
cohesive  failures.  The  flash  from  one  of  the 
specimens  exhibited  a  glass-transition 
temperature  of  245  °C. 

Unsized  carbon/graphite  fiber  (AS-4) 
was  solution-coated  with  a  1,4-dioxane  so- 
lution (40  percent  solids  content)  of  1:1 
ETI/ETAE  (8000)  on  a  drum  winding  ma- 
chine. The  prepreg  was  dried  (volatile  con- 
tent less  than  1  percent),  stacked  unidirec- 
tionally  in  a  stainless  steel  mold,  and 
consolidated  by  heating  to  190  °C  and 
holding  at  190  and  250  °Ceach  for  0.5  h  un- 
der 200  psi  (1.4  MPa).  The  panel  (calculat- 


ed resin  content  approximately  38  percent) 
was  free  of  voids,  as  evidenced  by  ultra- 
sonic scanning.  The  composite  specimens 
exhibited  flexural  strength,  flexural  modu- 
lus, and  short-beam  shear  strength  of  246.0 
kpsi  (1.70  GPa),  16.8  mpsi  (116  GPa),  and 
10.8  kpsi  (75  MPa)  at  25  °C  and  109.8  kpsi 
(757  MPa),  9.2  mpsi  (63  GPa),  and  4.2  kpsi 
(29  MPa)  at  1 50  °C,  respectively.  The  flexur- 
al strength  and  modulus  after  aging  1,000  h 
at  200  °C  in  circulating  air  were  221.9  kpsi 
(1.530  GPa)  and  13.5  mpsi  (93  GPa)  at 
25°Cand  190.1  kpsi  (1.311  GPa)  and  13.9 
mpsi  (96  GPa)  at  150  °C,  respectively. 

The  new  materials  were  tested  primarily 
as  adhesives  and  composite  matrices  and 
were  found  to  have  useful  properties  in 
terms  of  processing,  resistance  to  high 
temperature,  fracture  toughness,  and  re- 
sistance to  solvents.  They  also  have  desir- 
able mechanical  properties.  These  materi- 
als are  potentially  useful  for  aerospace  and 
nonaerospace  applications. 

This  work  was  done  by  Paul  M. 
Hergenrother  and  John  W.  Connell  of 
Langley  Research  Center  and  R.  G.  Bass 
of  Virginia  Commonwealth  University. 
LAR-13910/TN 
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Flammabilities  of  Graphite- 
Reinforced  Composites 

Composites  made  with  epoxy 
and  other  matrices  are 
compared  with  each  other. 

A  report  describes  tests  and  compari- 
sons of  the  flammabilities,  thermal  proper- 
ties, and  selected  mechanical  properties 
of  composite  materials  made  of  epoxy  and 
other  matrices  reinforced  by  graphite  fi- 
bers. These  composites  are  also  com- 
pared with  a  baseline  epoxy/fiberglass 
composite.  The  report  considers  such 
properties  as  the  limiting  oxygen  index  (a 
measure  of  the  minimum  concentration  of 
oxygen  that  supports  combustion  of  the 
material  in  question),  smoke  evolution, 
products  of  thermal  degradation,  total  heat 
release,  heat-release  rate,  loss  of  mass, 
spread  of  flames,  resistance  to  ignition, 
and  thermal  stability. 

A  panel  made  of  the  epoxy-matrix  com- 
posite had  the  greatest  total  heat  release 


and  heat-release  rate,  smoke  evolution, 
loss  of  mass,  and  carbon  monoxide  evolu- 
tion. It  also  had  the  lowest  limiting  oxygen 
index  —  that  is,  the  greatest  propensity  to 
burn. 

On  the  other  hand,  a  composite  panel 
with  a  matrix  blended  from  vinylpolystyryl- 
pyridine  and  bismaleimide  had  the  lowest 
heat  release  and  heat-release  rate  and  the 
highest  limiting  oxygen  index  —  valuable 
properties  in  passenger  aircraft  structures. 
This  composite  also  exhibited  much  greater 
flexural  strength  and  tensile  strength  than 
did  the  baseline  epoxy/glass  composite. 

A  panel  made  of  a  different  composite 
also  based  on  the  vinylpolystyrylpyridine- 
bismaleimide  matrix  had  the  lowest  flame- 
spreading  index.  A  panel  made  of  compos- 


ite based  on  a  polystyrylpyridine  matrix 
generated  the  least  smoke.  All  graphite-re- 
inforced composites  were  self-extinguish- 
ing. 

This  work  was  done  by  Demetrius  A. 
Kourtides  of  Ames  Research  Center. 
Further  information  may  be  found  in  NASA 
TM-100049  [N88-16825],  Price  Code:  A04 
"Review  of  Thermal  Properties  of  Graphite 
Composite  Materials. 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700. 
ARC-12165/TN 
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Polyimidazoles  via  Aromatic  Nucleophilic  Displacement 

These  polymers  are  suitable  for  use  as  films,  moldings,  and  adhesives. 


Experiments  have  shown  that  a  variety 
of  polyimidazoles  can  be  prepared  by  aro- 
matic nucleophilic  displacement,  from  the 
reactions  of  bisphenol  imidazoles  with  acti- 
vated difluoro  compounds.  These  polyi- 
midazoles have  good  mechanical  proper- 
ties that  make  them  suitable  for  use  as 
films,  moldings,  and  adhesives. 

In  each  of  the  experiments  a  polyimida- 
zole  was  prepared  from  the  reaction  of 
stoichiometric  quantities  of  4,5-bis(4-hy- 
droxyphenyl)-2-phenylimidazole  and  an  ac- 
tivated aromatic  difluoro  compound  in  the 
presence  of  potassium  carbonate  in  N,N- 
dimethylacetamide  (DMAc)  (see  figure)  at 
a  solids  content  of  15  to  20  percent.  Tolu- 
ene was  used  as  an  azeotroping  agent  to 
remove  the  water  formed  in  the  reaction, 
and  the  mixture  was  stirred  at  a  tempera- 
ture of  ~  155  °C  overnight  under  a  nitrogen 
atmosphere.  The  resulting  viscous  solution 
was  diluted  with  DMAc  and  precipitated  in- 
to water  containing  acetic  acid,  to  obtain 
the  polymer  at  a  yield  of  more  than  95  per- 
cent. 

DMAc  solutions  of  the  experimental  pol- 
yimidazoles were  cast  onto  glass  and  dried 
to  make  film  specimens.  Powders  of  the 
polymers  were  compression-molded  and 
cut  to  make  tension  and  fracture-tough- 
ness specimens.  One  of  the  polymers  was 
processed  into  an  adhesive-tape  speci- 
men by  multiple  steps  of  coating  from 
DMAc  solution  followed  by  drying,  and 
used  to  make  tensile  shear  specimens. 

The  inherent  viscosities  of  the  experi- 
mental polyimidazoles  ranged  from  0.24  to 
0.89  dL/g,  and  the  glass-transition  temper- 
atures ranged  from  230  to  318  °C.  The 
polyimidazoles  were  amorphous,  as  evi- 
denced by  differential  scanning  calo- 
rimetry  and  wide-angle  x-ray  diffraction 
analysis.  Thermogravimetric  analysis 
showed  no  loss  of  weight  below  a  tempera- 
ture of  300  °C  in  air  or  nitrogen,  and  a  loss 
of  5  percent  of  weight  at  a  temperature  of 
~  400 °C  in  air  and  ~  495 °C  in  nitrogen. 
The  melt  viscosities  of  the  new  compounds 
were  found  to  be  comparable  to  those  of 
poly(arylene  ethers)  of  similar  molecular 
weights.  The  tensile  strengths  and  tensile 
moduli  of  thin-film  specimens  at  25  °C 
ranged  from  12.0  to  14.2  ksi  (82.7  to  97.9 
MPa)  and  from  362  to  407  ksi  (2.50  to  2.81 
GPa),  respectively.  The  specimens  re- 
tained large  fractions  of  these  strengths 
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Ten  Different  Polyimidazoles  were  synthesized  by  this  general  chemical  reaction,  with  X  as 
shown  in  the  table. 
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and  moduli  at  177  °C. 

The  polyimidazole  prepared  from  1,4- 
bis(4-fluorobenzoyl)benzene  and  the 
bisphenol  imidazole  was  found  to  have  a 
desirable  combination  of  properties  and  to 
be  readily  processable.  Neat  resin  moldings 
fabricated  at  300  °C  under  200  psi  (1.38 
MPa)  exhibited  a  fracture  toughness  of  ~ 
3,000  psi  in.'/2  (3.3  MPa«m,/2).  The  texture 
of  the  fracture  surface  was  rough  and 
slightly  crazed.  Such  phenomena  are  often 
seen  in  tough  thermoplastics.  Preliminary 
adhesive-bonding  work  indicated  that  rela- 
tively mild  pressures  of  100  to  200  psi  (0.7 


to  1.4  MPa)  gave  better  strengths  than 
higher  pressures  did.  Titanium-to-titanium 
adhesive  specimens  bonded  at  300  °C 
under  200  psi  (1.4  MPa)  gave  lap  shear 
strengths  at  25,  177,  and  200  °C  of  4,800, 
3,700,  and  3,000  psi  (33,  26,  and  21  MPa), 
respectively. 

This  work  was  done  by  John  W. 
Connell  and  Paul  M.  Hergenrother  of 
Langley  Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive   license   for  its   commercial 
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Pyrolysis  Products  of 
Dimethyldichlorosilane 

Silicon  carbide  appears  to  be 
formed  along  two  different 
reaction  paths. 

A  report  describes  an  experimental  study 
of  the  chemical  reactions  and  the  chemi- 
cal products  of  the  chemical-vapor  deposi- 
tion of  silicon  carbide  from  dimethyldichlor- 
osilane. This  topic  is  important  because  it 
relates  to  the  current  interest  in  lightweight 
refractory  materials  for  use  in  advanced 
aircraft  and  spacecraft.  Of  particular  in- 
terest here  are  the  conditions  that  help  or 
hinder  the  deposition  of  strong,  fully  dense, 
pure  silicon  carbide  —  typically  in  the 
pores  of  substrates  to  form  composites. 

Experiments  focused  on  the  gaseous 
byproducts  were  conducted  in  a  mullite  re- 
actor tube  in  a  resistance-heated  furnace. 
Dimethyldichlorosilane  was  vaporized  and 
carried  into  the  reactor  tube,  sometimes 
with  hydrogen  and/or  other  gases,  in  a  car- 
rier gas  of  nearly  pure  argon.  The  distribu- 
tion of  temperature  in  the  reactor  was 
measured  with  a  thermocouple.  A  small 
sample  of  the  gases  entering  and  leaving 
the  reactor  was  sent  to  a  chromatograph 
for  analysis. 

Experiments  focused  on  the  solid  prod- 
uct were  conducted  in  a  quartz  reaction 
tube.  The  heated  reaction  zone  was  fol- 
lowed by  an  air  condenser  and  a  glass- 
wool  filter.  The  reactor  was  weighed  before 
and  after  to  determine  the  weight  of  the 
product.  A  sample  of  the  solid  product  was 
subjected  to  elemental  analysis.  In  some 
cases,  the  condenser  product  was  sub- 


jected to  infrared  analysis;  it  was  also  pyro- 
lized,  and  the  resulting  pyrolysis  gases 
were  analyzed  in  the  chromatograph. 

The  analyses  showed  that  at  a  tempera- 
ture of  700  to  1,1 00  °C  and  a  contact  time  of 
about  1  minute,  SiC  may  form  by  two  chemi- 
cal-reaction paths.  One  appears  to  involve 
the  formation,  at  about  800  °C,  of  a  solid 
mixture  of  silicon  carbide,  silalkanes, 
cyclics,  and  carbosilanes.  This  mixture 
contains  large  quantities  of  hydrogen  and 
chlorine  and  reacts  slowly  to  form  silicon 
carbide.  The  other  path  involves  reactions 
among  the  pyrolysis  gases  formed  in  the 
decomposition  of  the  dimethyldichlorosi- 
lane. At  about  1,000  °C,  these  gases  may 
be  reduced  by  hydrogen  to  form  silicon 
and  carbon,  which  could  then  react  to  form 
silicon  carbide. 

All  of  the  solid  material  formed  could  be 
trapped  in  the  pores  of  a  substrate;  but 
unless  the  reaction  conditions  are  chosen 
appropriately,  the  solid  material  would  not 
be  pure  silicon  carbide.  A  major  portion 
could  be  a  mixture  containing  carbon,  hy- 
drogen, and  chlorine.  This  solid  could  react 
slowly  to  form  silicon  carbide  at  high  tem- 
perature or  could  hydrolyze  when  exposed 
to  the  atmosphere. 

During  these  processes,  the  solid  can 
shrink,  forming  defects  or  voids  or  becom- 
ing contaminated.  The  proportion  of  im- 
purities remaining  may  be  greater  when  a 


lower  reaction  temperature  is  used  in 
order  to  prevent  the  deterioration  of  silicon 
carbide  fibers  at  high  temperatures  in 
silicon  carbide/silicon  carbide  composites 
by  the  attack  of  HO,  a  product  of  the  pyroly- 
sis. One  remedy  might  be  to  develop  a 
postcuring  procedure  to  form  pure  silicon 
carbide  or  at  least  a  protective  coat  of  sili- 
con dioxide  and  silicon  carbide. 

This  work  was  done  by  D.E.  Cagliostro 
and  S.R.  Riccitiello  of  Ames  Research 
Center  and  M.G.  Carswell  of  San  Jose 
State  University.  "An  Analysis  of  the 
Pyrolysis  Products  of  Dimethyldichlorosi- 
lane in  the  Chemical  Vapor  Deposition  of 
Silicon  Carbide." 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
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Ames  Research  Center.  Refer  to 
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Rewaterproofing  Chemical  for  Use  With  Silicones 

An  agent  restores  impermeability  without  degrading  silicone  adhesives  and  substructures. 


Dimethylethoxysilane  (DMES)  has  been 
found  to  rewaterproof  tiles  and  composite 
paneis  internally  without  harming  the 
materials  that  underlie  them.  DMES  re- 
places hexamethyldisilazane  (HMDS)  as 
the  postmission  rewaterproofing  agent  for 
the  tiles  of  the  thermal-protection  system 
on  the  Space  Shuttle.  Much  of  the  original 
waterproofing  is  lost  during  the  rigors  of 
launch  and  reentry.  Potential  terrestrial  ap- 
plication may  include  composite  materials 
in  such  structures  as  bridges  and  subma- 
rines. 

Although  HMDS  rewaterproofed  effec- 
tively, it  released  reaction  products  that 
turned  the  silicone  substrate  into  a  soft, 
gummy  layer.  Like  HMDS,  DMES  is  an  in- 
ternal agent,  injected  into  the  tiles.  Internal 
agents  are  more  reliable  than  are  external 
waterproof  coatings,  which  form  only  sur- 
face barriers  that  water  can  breach  if  the 
coverage  is  not  complete  or  the  force  driv- 


ing the  water  is  great  enough. 

DMES  was  selected  from  among  45  sili- 
con-based candidate  materials  from  3 
manufacturers.  The  materials  were  rated 
on  how  well  they  rewaterproofed  tiles  and 
on  their  chemical  compatibility  with  the 
materials  under  the  tiles.  Two  candidates 
showed  the  greatest  promise:  DMES  and 
isobutyltriethoxysilane  (IBTES).  DMES  was 
chosen  for  further  tests  because  it  is  more 
readily  available.  DMES  was  then  tested 
for  its  ability  to  rewaterproof  adequately 
without  adversely  affecting  the  substrate 
materials.  Its  performance  with  thermal 
blankets  as  well  as  with  tiles  was  studied.  It 
was  also  subjected  to  environmental  tests 
(humidity,  rain,  and  wind,  and  heating  in  a 
vacuum). 

DMES  does  not  attack  substrate  materi- 
als as  HMDS  does  because  it  does  not  give 
off  harmful  vapors  as  it  cures.  HMDS  reacts 
with  moisture  in  the  tile  to  produce  ammo- 


nia, which  breaks  up  supporting  polymers 
in  the  substrate.  The  broken  molecules 
become  end-capped  with  trimethylsiloxy 
groups  that  prevent  them  from  rejoining. 
Moreover,  HMDS  vapor  causes  the  poly- 
mers to  swell  and  release  their  tin-based 
catalyst,  which  in  turn  breaks  up  and  caps 
polymers  in  the  silicone  adhesive. 

DMES,  on  the  other  hand,  reacts  to  pro- 
duce ethanol,  hydrogen  gas,  and  tetra- 
methylsiloxane,  none  of  which  attacks  the 
substrate  materials.  The  hydrogen  gas  is  in 
low  concentrations  and  quickly  dissipates 
and  thus  does  not  create  a  stress-corro- 
sion problem  for  the  titanium  structure 
under  the  substrate. 

This  work  was  done  by  William  L  Hill, 
Shirley  M.  Mitchell,  and  Howard  S. 
Massey  of  Rockwell  International  Corp. 
for  Johnson  Space  Center. 
MSC-21569/TN 
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Self-Aligning  Axial/Torsional  Loading  Mechanism  for 
Testing  Brittle  Materials 


Key  words:  Ceramics;  composites;  compressive 
test;  torsional  test;  tensile  test;  multiaxial  stress 

An  increasing  number  of  structural  uses  are 
being  found  for  ceramics  and  other  brittle  materials 
such  as  carbon-carbon  composites.  The 
usefulness  of  these  materials  is  limited  in  part  by 
their  ability  to  withstand  stress.  Most  efforts  to 
determine  the  structural  properties  of  ceramics  and 
composites  have  focused  on  discrete  compressive, 
tensile,  and  torsional  testing.  Combined  axial 
and  torsional  tests  would  also  be  valuable,  but 
existing  equipment  cannot  be  adjusted  to 
accommodate  combined  evaluations.  For 
example,  a  specimen  cannot  be  compressed  and 
torqued  simultaneously  without  also  experiencing 
unwanted  stresses  caused  by  misalignment  of  the 
test  equipment. 

To  address  this  problem,  researchers  at  ORNL 
are  developing  a  self-aligning  loading  mechanism 
that  will  allow  for  the  characterization  of  any 
material  sensitive  to  misalignment  during  combined 
axial-torsional  testing  (Fig.  1).  This  ball-and-socket 
device  is  composed  of  a  hydrostatic  frictionless 
bearing  attached  to  a  threaded  stud.  The  bearing  is 
stabilized  against  torsional  motion  with  a  flexure 
ring  positioned  normal  to  the  stud  and  attached  to 
both  the  housing  and  the  ball.  This  ring  imparts  a 
negligible  spring  constant  but  creates  no  friction. 


HOUSING  - 


OIL  SEAL 


THREADED 
STUD 


Fig.  1.  Cutaway  view  of  the  ORNL  self-aligning 
loading  mechanism.  Hydraulic  fluid  pumped 
through  ports  in  the  housing  keeps  the  hydrostatic 
bearing  frictionless.  The  continuous  flexure  ring, 
attached  to  both  the  housing  and  the  ball,  stabilizes 
the  bearing  so  that  torque  (either  alone  or 
accompanied  by  tension  or  compression  loads)  can 
be  imparted  to  the  specimen. 


Used  in  pairs,  these  assemblies  can  be  mounted 
on  standard  test  equipment,  with  a  test  specimen 
secured  between  them  by  means  of  couplings 
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Fig.  2.  Two  of  the  ORNL  self-aligning  axial/torsional 
loading  mechanisms  can  be  positioned  opposite 
each  other  in  a  conventional  test  device.  Both 
devices  flex  to  keep  the  specimen  properly  aligned 
with  the  test  force. 


bending  moment  on  the  test  piece.  All  imposed 
tensional  or  torsional  pressure  forces  are 
transmitted  through  the  centerline  of  the  stud. 

The  size  of  the  device  can  be  varied  to  provide 
for  different  loading  requirements.  Ideally,  the 
pressure  at  the  recesses  of  the  housing  should  be 
about  half  the  supply  pressure  so  that  the 
mechanism  as  a  whole  is  most  responsive  to 
fluctuating  loads  during  a  test.  The  pressure  at 
each  recess  in  the  housing  may  be  measured  and 
controlled  to  fine-tune  the  bearing.  The  prototype 
is  designed  to  withstand  an  internal  pressure  of 
1 0,000  psi;  the  ball  stud  is  designed  for  a 
maximum  axial  load  of  50,000  lb  and  a  maximum 
combined  torsional  load  of  25,000  in. -lb.  Bending 
moments  introduced  by  the  flexure  ring  are 
expected  to  be  less  than  4  in. -lb. 


W.  B.  Rowe,  Hydrostatic  and  Hybrid  Bearing  Design, 
Butterworth,  London,  1983. 
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Additional  information: 


mounted  on  the  threaded  studs  (Fig.  2).  The  two 
bearings  are  positioned  opposite  each  other  and 
are  roughly  aligned  by  conventional  means. 
Because  the  bearing  flexes,  it  delivers  the  test 
force  correctly,  without  imposing  an  unwanted 


Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

Cochlear  Implant 

A  multichannel  cochlear  implant  is  superior  to  a  single-channel  design  because  it  enables  wearers  to  have  improved  word  understanding  and 
speech  reading  ability  as  well  as  environmental  sound  awareness,  according  to  researchers  at  the  University  of  Iowa  Hospitals  and  Clinics  in 
Iowa  City.  Procedures  for  replacement  or  reimplantation  of  cochlear  implants,  including  upgrading  from  a  single-channel  to  a  multichannel 
design,  do  not  appear  to  cause  deterioration  of  hearing,  they  report. 

The  cochlear  implant,  or  cochlear  prosthesis,  translates  sound  into  electrical  signals  that  stimulate  nerve  endings  in  the  inner  ear,  allowing  the 
brain  to  receive  auditory  information.  The  components  of  the  implant  include  an  external  microphone  that  detects  sound  and  a  speech 
processor  that  converts  environmental  sound  into  an  electronic  code  and  transmits  it  as  electrical  impulses  to  a  wire  coil  implanted  behind  the 
ear.  (An  earlier  article  about  cochlear  implants  can  be  found  in  the  Research  Resources  Reporter,  July  1984.) 

"The  cochlear  implant  is  a  transducer  that  replaces  the  function  of  the  inner  ear,  meaning  that  it  changes  acoustical  energy  into  an  electrical 
signal,"  says  Dr.  Bruce  J.  Gantz,  professor  of  otolaryngology-head  and  neck  surgery  at  the  University  of  Iowa  Hospitals  and  Clinics  and  one  of 
the  principal  investigators  in  the  cochlear  implant  studies. 

"In  postlingually  deafened  patients  -  patients  who  have  learned  language  and  then  lost  the  ability  to  hear  -  the  problem  is  most  often  in  the  inner 
ear  transducer  mechanism,"  Dr.  Gantz  explains.  "So  what  the  cochlear  implant  does  is  bypass  the  ear's  defective  natural  transducer  mechanism 
and  actually  stimulates  the  hearing  nerves  directly." 

The  investigators  evaluated  the  effectiveness  of  five  types  of  single-channel  and  multichannel  implant  designs  in  54  postlingually  deafened 
adults.  Dr.  Gantz  and  his  team  evaluated  characteristics  of  cochlear  implant  recipients  that  can  be  predictive  of  implant  performance. 

The  single-channel  and  multichannel  implants  differ  in  the  types  of  information  they  can  deliver  to  the  auditory  nerves.  The  single-channel 
implants  can  only  deliver  temporal,  or  time-related,  information  because  they  have  only  one  channel.  Single-channel  implants  can  stimulate  the 
nerves  that  perceive  variations  in  the  loudness  of  sounds  and  the  rate  at  which  the  sounds  are  produced.  Dr.  Gantz  says. 

Multichannel  implants,  on  the  other  hand,  can  present  information  in  different  frequency  areas  of  the  cochlea,  as  well  as  provide  temporal 
information.  "Postlingually  deaf  patients  all  have  a  memory  of  sound,  so  what  we're  doing  is  reawakening  that  memory  of  sound,"  he  says. 

The  implant  designs  studied  were  the  Los  Angeles  Single-Channel,  the  Vienna  Single-Channel,  the  Melbourne  Multichannel  and  the  Utah 
Multichannel. 

The  tests  showed  that  the  multichannel  cochlear  implant  designs  were  superior  to  single-channel  implants.  The  multichannel  implants  enabled 
most  users  to  understand  limited  speech,  provided  more  speech-reading  enhancement,  and  enabled  wearers  to  recognize  more  environmental 
sounds  than  did  the  single-channel  design.  But  it  cannot  fully  reproduce  the  normal  function  of  the  inner  ear.  "You  have  to  realize  that  there 
are  approximately  30,000  nerve  fibers  in  the  inner  ear  and  a  very  fine  frequency  resolution,"  Dr.  Gantz  says.  "We're  trying  to  simulate  that 
within  approximately  20  channels,  so  it's  very  different. 

"But  what's  really  interesting  is  that  the  brain  has  the  ability  to  reactivate  this  memory  of  sound,  to  learn  to  use  the  signals  and  perceive  sound 
or  speech  with  these  very  gross  signals,"  he  says. 

Many  single-channel  implant  wearers  are  beginning  to  inquire  about  switching  to  multichannel  designs,  and  most  American  doctors  and 
medical  device  manufacturers  have  abandoned  the  single-channel  designs  in  favor  of  multichannel  implants.  Single-channel  devices,  however, 
are  still  being  manufactured  and  used  in  Europe,  Dr.  Gantz  says. 

Because  intracochlear  damage  from  electrode  placement  has  always  been  a  concern  of  cochlear  implant  developers,  reimplantation  to  upgrade 
from  a  single-channel  to  a  multichannel  implant  compounds  such  concerns.  Fibrous  tissue  tends  to  form  around  the  implant's  electrode,  and 
physicians  fear  that  some  of  the  delicate  inner  tissue  may  adhere  to  the  electrode  when  it  is  removed  before  implantation  of  a  new  prosthesis, 
causing  more  neural  degeneration. 
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Surgeons  at  the  University  of  Wisconsin  carefully  place  a  donor  liver  in  a  bag  containing  Du  Pont 
Pharmaceutical's  ViaSpan™,  a  new  organ  preservation  solution  cleared  for  market  by  the  FDA. 
ViaSpan™  can  triple  the  time  between  the  donation  of  a  liver  or  pancreas  and  its  transplantation  into 
a  recipient. 


safety  has  permitted  more  effective  use  of 
organs  that  can  be  stored  safely  while  wait- 
ing for  operating  room  facilities  or  person- 
nel to  become  available." 

The  UW  solution  has  made  possible 
transplants  of  organs  shipped  across  the 
United  States  and  even  across  the  Atlantic. 
The  FDA  recently  approved  UW  solution, 
whose  trade  name  is  ViaSpan™,  for  mar- 
keting. Preliminary  research  shows  that  the 
solution  may  also  be  effective  in  preserving 
heart  tissue. 

Liver  transplantations  are  performed  for 
a  variety  of  conditions  in  both  adults  and 
children.  There  is  no  equivalent  to  kidney 
dialysis  for  someone  whose  liver  is  not 
functioning  normally,  so  liver  transplantation 
is  a  life-saving  operation. 

Pancreas  transplantations  are  performed 
in  people  whose  own  pancreas  has  been 
removed,  or  who  have  insulin-dependent 
diabetes  (IDDM).  People  with  IDDM  must 
have  injections  every  day  to  replace  the  in- 
sulin their  own  pancreas  does  not  make. 
Despite  daily  insulin  injections,  long-term 
complications  of  diabetes  can  be  life- 
threatening.  However,  the  pancreas  trans- 


plant, if  successful,  gives  the  body  needed 
insulin  more  naturally  than  periodic  injec- 
tions. Many  diabetes  experts  believe  the 
development  of  complications  is  related  to 
how  closely  insulin  replacement  resembles 
the  normal  production  of  insulin. 

Research  in  dogs  may  one  day  free  pa- 
tients with  diabetes  from  insulin  injec- 
tions— a  treatment  that  has  saved  thou- 
sands of  lives  since  its  discovery  in  the 
1920's  through  research  using  dogs.B 


♦ 


CONTACTS: 


Roger  Morris 

DuPont 

302/992-4747 


or 


Gordon  Heidelberg 
Du  Pont 
302/992-4774 


For  Additional  Information: 


To  locate  information  or  professional  contacts  on 
this  effort,  contact: 

NIH  News  Branch, 

Bldg.  31,  Room2B-10, 

9000  Rockville  Pike, 

Rockville,  MD  20892 

(301 )  496-2535 

Refer  to  News  &  Features  June  1990 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Evaluation  of  Shiftwork  Schedules  Using  Worker 
Experience 


Objective 

Improve  the  health  and  safety  of  mine  workers  by  as- 
sessing and  improving  worker  adjustment  to  different 
shiftwork  schedules. 

Approach 


with  the  following  four  objectives:  To  "diagnose"  current 
schedules  at  mine  sites,  to  help  define  potential  alterna- 
tive work  schedules,  to  serve  as  an  educational  tool  for 
workers,  and  to  serve  as  a  research  tool.  The  question- 
naire consists  of  72  items  designed  to  elicit  responses  from 
individual  shiftworkers  regarding  their  experience  with 
their  work  schedule. 


Research  has  shown  that  shiftwork  in  mining  and  in  Application 
other  industrial  settings  has  been  associated  with  accidents, 
sleep  deficiencies,  performance  decrements,  fatigue,  gas- 
trointestinal disorders,  cardiovascular  disorders,  ab- 
senteeism, lowered  morale,  and  social  and  marital  prob- 
lems. While  these  effects  of  shiftwork  are  well  known,  it 
is  not  clear  what  management  or  workers  can  or  should 
do  about  them. 

To  address  the  question  of  what  can  or  should  be  done 
about  shiftwork  effects,  a  shiftwork  survey  was  developed 


Diagnosis  .-In  using  the  questionnaire  to  diagnose 
shiftworker  schedules,  it  was  found  that  workers  at  the 
same  mine  site,  but  on  different  schedules,  responded 
differently  to  items  asked  about  areas  in  their  lives  that 
could  improve  with  a  better  schedule.  Those  on  a  rela- 
tively "good"  rotation  schedule  (e.g.,  having  all  weekends 
off)  had  more  positive  responses  than  those  on  a  "bad" 
rotation  schedule. 


loa<j    hav*    you    worked    at    your    pr«a*Dt    occup*tl< 


U.S.  BUREAU  OF  MINES 
SHIFTWORK  SURVEY 


A  72-ltem  shiftwork  survey  has  been  developed  as  a  research  tool  to  gather  Information  on  shiftworker  experiences  with  work 
schedules. 
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Much  of  the  usefulness  of  the  questionnaire  depends 
upon  a  comparison  of  specific  responses  among  various 
shiftworker  groups.  In  order  to  make  a  valid  diagnosis  of 
a  specific  workforce,  the  Bureau  has  collected  data  from 
several  mining  and  other  industrial  groups,  working  a  vari- 
ety of  schedules.  One  important  factor  is  whether  or  not 
workers  are  adapting  to  the  schedule;  i.e.,  are  workers 
feeling  better  or  worse  as  the  work  week  progresses. 

The  response  pattern  of  a  target  group  was  compared 
with  response  patterns  of  groups  in  other  mining  and 
power  operations.  Target  group  workers  reported  feeling 
more  physically  exhausted  on  the  afternoon  shift  and  night 
shift  as  the  workweek  progressed,  but  less  physically 
exhausted  on  the  day  shift.  The  later-than-normal  work 
start  times  of  the  target  group  may  have  caused  this 
situation.  Comparisons  were  also  made  concerning  worker 
self-evaluation  of  mental  exhaustion,  aches  and  pains,  and 
changes  in  performance  as  the  workweek  progressed.  The 
frequency  of  health-related  complaints,  absenteeism,  im- 
pact on  sleep  length  and  sleep  quality,  and  other  items 
indicate  how  workers  are  coping  and  adapting  to  the 
schedule. 

Alternative  Work  Schedules. -Once  a  determination  of 
the  functioning  of  a  shift  schedule  is  made,  it  may  become 
useful  to  examine  alternative  ways  to  change  a  schedule. 
Several  questionnaire  items  were  designed  to  elicit  worker 
preferences  for  certain  aspects  of  schedule  designs. 
Preferences  for  such  aspects  as  speed  of  rotation  and  ac- 
ceptability of  working  weekends  showed  much  variability 
among  five  different  sites.  Therefore,  when  designing  a 
schedule  it  is  useful  to  know  the  unique  needs  and  pref- 
erences of  the  worker  group. 

Educational  7bo/.-Regular  educational  seminars  play 
an  important  part  in  any  health  and  safety  program.  While 
"better"  schedules  can  be  designed,  some  workers  will 
always  have  difficulty  coping  with  night  work,  weekend 
work,  and  rotating  shifts.  Survey  results  from  specific 
plants  have  been  used  for  instruction  on  the  effects  of 
shiftwork  at  their  location.  Instruction  based  on  such  site- 
specific  information  makes  the  worker  educational  ex- 
perience more  personalized  and  relevant. 


Research  Tool.- -The  most  consistent  health-related  effect 
of  shiftwork  is  a  higher  frequency  of  stomach  disorders. 
An  analysis  of  the  questionnaire  data  was  used  to  explore 
reasons  for  this  finding  and  to  suggest  corrective  measures. 
The  analysis  determined  that  working  nights  and 
afternoon-evening  shifts  is  associated  with  the  regularity 
and  number  of  meals  eaten  per  day.  However,  general 
health  measures  were  related  not  to  the  absolute  number 
of  meals  eaten  or  the  timing  of  meals,  but  to  the 
"changing"  of  the  number  of  meals  eaten  each  day.  There- 
fore, "regularity  of  meals  is  a  critical  component  of  health 
for  these  shiftworkers. 

Because  fatigue,  sleepiness,  and  poor  sleep  quality  are 
consequences  of  shiftwork,  prescribed  coping  methods 
must  consider  sleeping  habits.  In  an  analysis  of  sleep 
strategies  and  adjustment  to  shiftwork,  it  was  shown  that 
night-shift  workers  who  slept  immediately  following  work 
reported  less  frequent  physical  health  symptoms  than  those 
who  delayed  sleep  until  later  in  the  day. 
A  popular  suggestion  is  to  change  schedules  so  that  shift 
rotation  is  in  a  forward  direction  (days  to  afternoon- 
evening  to  nights)  rather  than  backwards  (days  to  nights  to 
afternoon-evening).  However,  an  analysis  of  consequences 
of  both  forward  and  backward  shift  rotation  concluded 
that  change  in  direction  of  rotation  may  not  provide  the 
benefits  claimed. 

For  More  Information 

Research  on  shiftwork  is  relatively  new  and  there  are 
some  important  questions  still  left  unanswered.  Mining 
operations  may  use  the  shiftwork  survey  in  conjunction 
with  Bureau  research  to  assess  their  own  schedules.  For 
more  information  on  this  topic,  contact: 

James  C.  Duchon  or  Jon  A.  Wagner 

Twin  Cities  Research  Center 

U.S.  Bureau  of  Mines 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN  55417-3099 

(612-725-4593) 
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New  Ballistic  Face  Shield  Designed 


The  Navy  Dental  Research 
Institute  (NDRI),  Great  Lakes, 
Illinois,  in  conjunction  with  the 
Naval  Sea  Systems  Command  and 
Scott  Aviation  Corporation, 
Monrovia,  California,  have 
developed  a  prototype  ballistic  face 
shield  designed  to  protect  Navy 
and  Marine  Corps  personnel  from 
fragmentation  injury  to  the  head 
and  neck.  The  face  shield  weighs 
only  24.8  ounces  and  consists  of  a 
heat-resistant,  optical-quality, 
clear  polycarbonate  visor  and  a 
lower  Kevlar  shield,  which  can  be 
attached  to  the  Navy  battle  helmet 
by  a  mechanism,  which  allows 
pivoting  and  locking  of  the  shield 
in  both  the  lowered  and  retracted 
position.  The  shield  also  can  be 
worn  with  the  MCU-2/P  gas  mask. 
Ballistic  testing  of  the  shield  has 
demonstrated  that  the  visor 
protects  against  a  17-grain,  .22- 


caliber  fragment  traveling  up  to 
750  feet/second  while  the  lower 
protects  against  the  same 
fragment  traveling  1,450 
feet/second.  Human  factors 
testing,  performed  by  the  Naval 
Health  Research  Center,  San 
Diego,  California,  has  shown  that 
there  are  no  lasting  performance 
or  physiological  effects  that  would 
contraindicate  the  use  of  the  shield 
during  sustained  operations  under 
conditions  of  moderate  exercise 
and  climate. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150305/TN 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Implantable  Electrode  for  Critical  Locations 

Tissue  should  grow  readily  around  a  fuzzy  covering. 


An  implantable  electrode  is  expected  to 
hold  itself  in  place  until  body  tissue  grows 
around  it  and  retains  it.  The  electrode  is  in- 
tended to  provide  electrical  stimuli  to 
muscles  that  have  become  inactive  through 
accident  or  disease.  The  stimuli  can  help 
paraplegics  and  others  to  exercise  volun- 
tary control  over  arms  and  legs. 

The  electrode  is  covered  with  fuzzy  ma- 
terial like  Velcro  (or  equivalent)  loops  of 
plastic  thread.  For  insertion,  the  electrode 
is  housed  in  a  sheath.  A  release  tube  within 
the  sheath  surrounds  the  electrode  wire. 
Once  the  electrode  is  inserted,  its  position 
can  be  finely  adjusted  to  produce  maxi- 
mum muscle  response. 

After  the  electrode  has  been  finely  posi- 
tioned in  the  tissue,  the  sheath  is  retracted 
to  expose  the  fuzzy  surface.  Encouraged 
by  a  coating  of  collagen  on  the  surface,  the 
tissue  should  grow  into  the  fuzzy  material- 
in  several  days,  thereby  securing  the  elec- 
trode in  place.  To  keep  the  tissue  from  at- 
taching to  it,  the  sheath  is  covered  with  pol- 
ytetrafluoroethylene. 

While  the  new  tissue  is  growing,  the 
electrode  is  held  in  place  by  fingers  on  the 
release  tube,  which  engage  an  annular 
groove  on  the  electrode.  The  electrode 
may  be  repositioned  as  required  during  the 
growth  period.  When  growth  is  complete, 
the  sheath  is  retracted  farther,  exposing 
the  fingers  so  that  they  spring  away  and 
release  the  electrode. 

The  wire  to  the  electrode  is  momentarily 
detached  from  the  embedded  electrode  so 
that  the  release  tube  and  sheath  can  be 
removed.  Alternatively,  if  it  is  necessary  not 
to  disturb  the  electrical  connection,  the 
tube  and  sheath  can  be  fabricated  in 
halves.  Held  together  by  tape  during  the 
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REMOVAL  OF  SHEATH 


♦ 


A  Sheath  Covers  an  Electrode  during  implantation  (top).  The  sheath  is  partially  retracted 
after  implantation  (middle)  and  completely  retracted  after  the  growth  of  tissue  onto  the  elec- 
trode (bottom).  The  electrode  is  about  1  mm  in  diameter  and  2  mm  long. 


growth  of  the  tissue,  the  halves  would  be 
separated  from  around  the  wire  after  with- 
drawal from  the  body. 

This  work  was  done  by  Earl  L  Collins, 
Jr.,  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 


Edward  Ansell 

Director  of  Patents  and  Licensing 
Mail  Stop  305-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NP0-17264/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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fUASATech  Brief 

National  Aeronautics  and 
Space  Administration 

John  F  Kennedy  Space  Center,  Florida 


Liquid-Air  Breathing  Apparatus 

A  compact  unit  supplies  air  longer  than  does  a  compressed-air  unit. 


An  emergency  breathing  apparatus 
stores  air  as  a  cryogenic  liquid  instead  of 
the  usual  compressed  gas.  The  liquid-air 
pack  can  supply  air  for  60  minutes  or 
more  —  longer  than  the  previous  com- 
pressed-air version  does.  It  is  also  more 
compact  than  the  previous  apparatus  is  — 
an  important  advantage  in  rescue  opera- 
tions. 

The  pack  is  worn  on  the  user's  back.  It 
weighs  approximately  28  lb  (12.7  kg)  when 
full  and  22  lb  (10  kg)  when  empty.  It  supplies 
gaseous  air  at  regulated  pressure  at  a  rate 


of  50  liters  per  minute.  The  apparatus  is 
charged  with  liquefied  air  just  before  use.  It 
is  intended  for  firefighting  or  rescue  opera- 
tions that  may  become  necessary  during 
planned  potentially  hazardous  procedures. 

It  holds  liquid  air  in  a  3.5-liter  Dewar  tank 
and  employs  tubing  and  an  accumulator  to 
convert  the  liquid  into  gas.  A  series  of 
valves  regulates  the  pressure  of  the  air 
supplied  to  the  user.  A  backup  pressure- 
control  system  is  included. 

After  2  years  of  testing,  no  malfunctions 
have  occurred  in  the  liquid-air  pack.  The 


only  major  disadvantage  is  that  the  unit  is 
not  designed  to  work  for  long  intervals 
while  the  user  is  lying  down. 

This  work  was  done  by  Robert  D.  Mills 
of  EG&G  Florida,  Inc.,  for  Kennedy 
Space  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel, 
Kennedy  Space  Center.  Refer  to 
KSC-11431/TN. 
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Determining  Polarities  of  Distant  Lightning  Strokes 

Two  features  of  the  signal  from  each  stroke  appear  to  be  correlated. 


A  method  for  determining  the  polarities 
of  lightning  strokes  more  than  400  km 
away  is  the  subject  of  continuing  research. 
There  is  a  growing  awareness  among  sci- 
entists investigating  lightning  that  the  po- 
larities of  return  strokes  may  be  important 
indicators  of  phenomena  in  thunderstorms 
and  that  the  predominance  of  positive 
strokes  in  winter  thunderstorms  may  be 
particularly  significant.  At  present,  light- 
ning networks  can  reliably  determine  the 
polarities  of  only  those  return  strokes  that 
occur  within  about  500  km  of  the  receiving 
stations. 

The  return  stroke  is  the  main  stroke,  the 
intensely  luminous  streamer  that  propa- 
gates upward  from  the  ground  in  the  last 
phase  of  each  stroke  of  cloud-to-ground 
lightning.  The  polarity  of  the  return  stroke  is 
defined  as  the  polarity  of  the  electric 
charge  lowered  to  ground.  The  polarity  is 
determined  from  the  polarity  of  the  initial 
deflection  in  the  very-low-frequency  (up  to 
30  kHz)  waveform  of  the  electric  and/or 
magnetic  field  radiated  by  the  stroke. 
When  a  receiving  station  is  more  than 
about  500  km  away  from  a  lightning  stroke, 
the  determination  of  polarity  by  the  con- 
ventional method  is  subject  to  uncertainty 
because  the  signal  includes  a  strongly  at- 
tenuated ground  wave  that  may  or  may  not 
be  detected  and  a  much  stronger  wave  of 
reverse  polarity  reflected  from  the  iono- 
sphere. 

The  very-low-frequency  waveform  in- 
cludes a  slow  tail  that  is  a  low-frequency 
dispersion  effect  in  the  zeroth  mode  of  the 
waveguide  formed  by  the  ground  and  the 
ionosphere.  Probably  not  all  cloud-to- 
ground  lightning  produces  a  slow  tail  in  the 
waveform.  However,  there  is  some  evi- 
dence that  a  slow  tail  indicates  continuing 
current  in  the  cloud-to-ground  lightning 
flash.  This  continuing  current  is  primarily 
responsible  for  lightning-caused  forest 
fires  and  other  lightning-related  damage. 

The  new  method  is  based  on  the  fact 
that  for  each  stroke  observed  thus  far  for 
which  the  polarity  can  be  determined  un- 
ambiguously, the  initial  polarity  of  the  tail  is 
the  same  as  the  polarity  of  the  initial  deflec- 
tion before  the  initial-deflection  signal  is 
altered  by  propagation  effects  (see  figure). 
In  the  new  method,  the  receiving  station  is 
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These  Electric-Field  Signals  were  received  at  Albany,  NY  from  distant  lightning  strokes.  The 
upper  trace  is  from  a  stroke  895  km  away  at  a  bearing  of  239°;  the  lower  trace  is  from  a  stroke 
2054  km  away  at  a  bearing  of  212°.  In  each  case,  the  initial  polarity  of  the  slow  tail  is  the  same 
as  the  polarity  of  the  initial  deflection. 


equipped  with  an  electric-field-change 
antenna  coupled  to  a  charge  amplifier  that 
has  a  time  constant  of  the  order  of  1  to  10 
seconds.  The  output  of  the  amplifier  is  fed 
to  signal-processing  circuitry,  which  deter- 
mines the  initial  polarity  of  the  tail. 

This  work  was  done  by  Richard  J. 
Blakeslee  of  Marshall  Space  Flight 
Center  and  Marx  Brook  of  New  Mexico 
Tech. 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-26102/TN. 
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Making  Topographical  Maps  From  SAR  and  Flood-Gauge  Data 

Data  are  processed  and  merged  to  obtain  a  variety  of  useful  images. 


A  collection  of  computer  programs 
processes  image  data  obtained  by  synthet- 
ic-aperture radar  (SAR)  along  with  meas- 
urements of  water  levels  taken  at  selected 
points  on  the  ground  to  generate  three-di- 
mensional maps  of  the  surveyed  terrain. 
The  information  in  the  maps  can  be  pre- 
sented in  a  variety  of  useful  ways  particu- 
larly suited  to  the  study  of  such  phenomena 
as  flooding,  damage  caused  by  floods,  the 
flow  of  nutrients  from  forests  to  river  and 
marine  ecosystems,  and  the  effects  of  sub- 
sidence of  the  ground  or  of  rising  sea 
levels. 

Typically,  the  SAR  input  data  are  ac- 
quired aboard  an  airplane,  or  spacecraft, 
equipped  with  radar  that  operates  with 
wavelength  angles  of  incidence  and  polari- 
zations that  enable  penetration  of  forest 
canopies.  The  SAR  images  are  obtained  in 
flights  over  the  surveyed  region  repeated 
at  intervals  of  hours,  days,  months,  or  even 
years,  the  intervals  depending  on  the  tem- 
poral frequency  of  the  phenomena  being 
studied.  Simultaneously  with  each  SAR 
scan,  data  on  the  surface  level  of  water  are 
acquired  by  tide  or  flood  gauges  at  select- 
ed points  on  the  ground  in  the  surveyed 
region. 

The  SAR  data  are  processed  by  a  varie- 
ty of  statistical  and  filtering  algorithms  to  gen- 
erate image  boundaries  based  on  relative 
brightness.  Brightness  on  the  image  is  in- 
dexed to  a  flooded  or  nonflooded  condition 
based  on  field  observations  or  heuristics.  If 
quad-polarized  SAR  data  are  available, 
boundaries  of  flooded  areas  are  distin- 
guished as  lines  of  demarcation  between 
adjacent  areas  in  which  polarization  signa- 
tures are  significantly  different;  e.g.,  signa- 
tures that  indicate  single  vs.  those  that  in- 
dicate double  reflections.  A  bit-masking  or 
boundary-tracing  algorithm  extracts  the 
flood-boundary  data  from  each  SAR  im- 
age. 

The  water  levels  measured  on  the 
ground  during  each  SAR  pass  are  entered 
into  mathematical  models  (in  effect,  maps) 
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PLOTTING  OF  FLOOD  BOUNDARIES 
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Flood  Boundaries  Extracted  From  SAR  Data  are  combined  with  mathematical  models  of 
water-surface  elevations  extracted  from  water-level  measurements  taken  on  the  ground.  In 
effect,  each  boundary  plotted  on  its  corresponding  surface  is  a  raw  surface-level  contour  similar 
to  the  contours  on  a  conventional  topographical  map.  The  data  compiled  from  all  such  plots  are 
used  to  generate  topographical  contour  or  other  three-dimensional  maps  of  the  surveyed 
region. 


of  the  water-surface  elevation.  The  flood 
boundaries  from  the  corresponding  SAR 
imagery  are  geographically  registered  with 
the  water-level  models  (see  figure),  yielding 
data  on  elevations  along  the  flood  bound- 
aries. The  resulting  new  data  on  elevations 
are  compiled  into  a  single  composite  map. 
An  interpolation  algorithm  operates  on  the 
composite  elevation  data  to  generate  a 
digital  three-dimensional  model  of  the  ele- 
vation of  the  terrain.  This  information  in  this 
model  can  be  presented  in  such  forms  as 
conventional  topographical  contour  maps, 
perspective  views,  elevation-class  maps, 
and  inundation-frequency  maps. 

This  work  was  done  by  Marc  Lee  Im- 
hoff  of  Goddard  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 


a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13212/TN. 
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Manual  for  the  GEOPACK  (Version  1.0) 
Geostatistical  Software  System 


Introduction 

Using  the  geostatistical  techniques  in 
the  analysis  of  spatially  correlated  data 
generally  requires  the  use  of  a  computer 
to  handle  the  large  number  of  samples 
and  carry  out  the  lengthy  calculations. 
Unless  one  knows  someone  who  is 
willing  to  provide  the  necessary  computer 
programs,  one  is  faced  with  the  difficult 
task  of  finding,  purchasing  or  developing 
the  required  computer  software.  Although 
there  are  a  number  of  practicing 
geostatisticians  who  undoubtedly  have 
access  to  the  necessary  programs,  these 
programs  are  not  generally  available  or 
they  are  proprietary  codes.  Often,  the 
programs  which  are  developed  for 
research  purposes  are  subject  to  limited 
availability  and  are  difficult  for  others  to 
use  or  modify  for  purposes  other  than 
those  for  which  they  were  originally 
designed. 

GEOPACK  was  developed  with  the 
philosophy  that  geostatistical  software  is 
needed  that  can  be  used  by  individuals 
with  a  minimum  level  of  geostatistical 
expertise  and  yet  can  also  satisfy  the 
needs  of  more  sophisticated  users.  The 
specific  objectives  in  developing  this 
program  were: 

(1)  develop  geostatistical  software  for 
individuals  without  a  great  deal  of 
geostatistical  training  and  allow  those 
individuals  to  learn  these  techniques  and 
eventually  use  them  in  their  work 
environment 

(2)  develop  a  system  which  is  adaptable 
in  the  sense  that  additional  programs 
could  be  incorporated  into  the  system  at 
a  later  date  without  having  to  alter 
previous  programs  or  recompile  the 
entire  system 

(3)  develop  programs  which  produce 
graphic  output  in  a  variety  of  forms  and 
of  publishable  quality  to  meet  the  needs 
of  research  scientists  and  engineers 

(4)  include  on-line  help  facilities  and 
extensive  error  checking  in  the  programs 

The  on-line  help  facilities  offer 
information  concerning  the  operation  of 
the    system,    its    capabilities    and 


limitations,  how  to  alter  the  system,  as 
well  as  programming  conventions  and 
definitions.  GEOPACK  allows  the 
incorporation  of  other  programs,  such  as 
the  GEO-EAS  (EPA/600/4-88/033) 
system.  Examples  showing  how  this 
software  can  be  used  in  the  analysis  of 
spatially  correlated  data  can  be  found  in 
the  GEOPACK  users  manual 

Variography 

The  sample  semivariogram  or  cross- 
semivariogram  for  a  two-dimensional 
spatially-dependent  random  function  can 
be  determined.  The  approach  used  in 
determining  the  sample  semivariogram  is 
similar  to  that  outlined  in  Journel  and 
Huijbregts  (1978).  A  model  can  be  fitted 
to  the  sample  semivariogram  using  the 
nonlinear  least-squares  fitting  procedure 
of  Marquardt  (1963).  This  provides  a  first 
estimate  for  the  coefficients  to  be  used  in 
a  cross-validation  program  and  helps  to 
automate  the  model-fitting  procedure.  If 
the  least-squares  technique  fails,  or  other 
information  is  available  which  should  be 
included  in  the  model-fitting  process,  the 
traditional  iterative  method  of  selecting 
the  model  coefficients  and  viewing  a 
graph  comparing  the  sample  values  to 
the  model  can  be  utilized. 

Linear  Estimation 

GEOPACK  includes  programs  to 
calculate  the  ordinary  kriging  and 
cokriging  estimators  in  two  dimensions 
along  with  their  associated  estimation 
variance.  The  programs  include  punctual 
and  block  kriging  and  geometric 
anisotropy.  There  is  a  cross-validation 
option  which  uses  the  kriging  estimator  in 
a  jackknifing  mode  to  cross  validate  the 
spatial  correlation  structure.  It  is  possible 
to  include  indicator  kriging  in  an  analysis 
by  first  transforming  the  data. 

Nonlinear  Estimation 

Nonlinear  estimators  such  as  the 
disjunctive  kriging  and  cokriging 
estimators  can  be  determined  along  with 
the  estimation  variance  and  the 
conditional   probability   that  the   value   is 
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greater  than  a  specified  cutoff  level.  Up 
to  10  cutoff  levels  are  allowed.  As  with 
the  linear  estimation  method,  this  type  of 
an  analysis  can  be  done  on  punctual  or 
block  support  and  may  include 
anisotropy. 

Help  Facilities 

The  program  includes  on-line  help 
facilities  to  provide  the  user  with 
information  concerning  the  operation  of 
the  program,  data  requirements, 
conventions,  definitions,  run-time  errors, 
missing  files,  etc.  that  are  encountered 
during  execution.  At  the  main  menu  level, 
the  help  information  is  of  a  general 
nature.  During  execution  of  a  program, 
the  help  is  more  specific,  such  as 
defining  a  '.erm.  Virtually  all  the 
information  needed  to  operate  or  modify 
the  system  is  available  from  the  HELP 
facility. 
Other  Features  of  GEOPACK 

The  program  also  includes  various 
graphics  capabilities  such  as  linear  or 
logarithmic  line  plots,  contour  and  pixel 
diagrams.  The  program  can  be  interfaced 
with  any  user-supplied  graphics  package 
so  that  custom  diagrams  can  be 
developed. 

GEOPACK  uses  dynamic  allocation  of 
memory  so  that  data  sets  with  a  wide 
range  of  variables  and  positions  can  be 
used  without  having  to  alter  the  program. 
A  large  storage  array  is  partitioned  based 
on  the  number  of  samples  and  variables 
so  that  there  is  little  wasted  space 
compared  to  defining  the  arrays  to  have  a 
fixed  number.  One  limitation  is  that 
GEOPACK  allows  a  maximum  of  10 
variables  plus  their  x  and  y  positions  and 
a  sample  or  position  number.  If  an  array 
must  be  created  by  a  program,  the  space 
is  obtained  from  the  large  storage  array. 
If  attempts  are  made  to  use  more 
memory  than  is  available,  an  error 
message  is  printed  out  giving  the 
memory  status.  From  this  information,  a 
decision  can  be  made  on  how  to  reduce 
the  memory  needs  to  allowable  limits. 

GEOPACK  uses  data  in  a  standard 
ASCII  format  for  data  input.  Data  can  be 
entered  with  any  program  (data  base  or 
spreadsheet)  or  word  processor  that 
supports  ASCII  format.  There  is  a  seven 
line  header  associated  with  each  data  file. 
This  header  consists  of  three  lines  of  title 
information,  the  number  of  random 
variables,  total  number  of  samples,  the 
names  to  use  for  the  random  variables, 
and  a  format  specifier  which  describes 
the  way  the  data  is  to  be  read  into 
GEOPACK.  The  format  specifier  follows 
the   ANSI    FORTRAN   convention.   The 


sample  data  file  is  on  the  following  page. 

Program  Utilities 

Many  utility  programs  are  included 
enabling  the  user  to  access  a  variety  of  C( 
information  and  other  computer  functions 
while  using  GEOPACK.  A  sample  of  the 
utilities  from  within  GEOPACK  are  those 
to  1)  select,  edit  or  modify  an  existing 
data  set,  2)  pack  the  contents  of  the 
temporary  directory  into  a  compressed 
format  for  later  use  or  to  extract  all  or 
some  of  the  files  contained  in  a 
compressed  file,  3)  display  the  program 
structure,  4)  temporarily  leave  the 
program  in  a  DOS  shell,  5)  execute  a 
DOS  command,  6)  view  a  file.  Also 
included  are  a  number  of  utilities  which 
help  the  user  to  tailor  GEOPACK  to 
specific  needs  by  facilitating  the  passage 
of  information  to  the  new  user-supplied 
applications. 

Computer  Requirements 

The  programs  have  been  written  in  a 
combination  of  FORTRAN  and  C 
programming  languages  and  run  on  IBM- 
compatible  microcomputers  such  as  the 
PC-AT,  Compaq-286,  -386,  Zenith,  etc.. 
using  an  MS-DOS  operating  system 
(ideally  version  3.2  or  greater)  and  640  K 
memory.  (PC-XT  and  compatibles  are  not 
recommended  for  GEOPACK.)  A  math 
coprocessor  is  recommended  but  not 
required.  This  is  a  mathematical  intensive 
system  and  calculations  will  be  | 
significantly  faster  if  a  math  coprocessor 
is  installed.  The  system  can  support  the 
use  of  a  virtual  disk  (RAM  disk)  as  the 
temporary  storage  device.  GEOPACK 
also  requires  that  the  ANSI. SYS  driver  be 
installed  if  the  screen  output  is  to  perform 
properly.  Because  of  its  integrated 
nature,  GEOPACK  requires  a  hard  disk 
storage  with  about  4  Mbytes  free  disk 
space.  A  graphics  monitor  is  required 
due  to  the  graphical  nature  of  the  output. 
GEOPACK  supports  either  a  CGA,  EGA, 
VGA  or  HERCULES  graphics  adapter  and 
the  appropriate  monochrome  or  color 
monitor.  The  system  includes  a  graphics 
program  for  the  printing  of  graphical 
images  and  supports  the  following 
devices:  HPGL  compatible  plotters, 
HPCL  compatible  printers,  and  Epson 
compatible  dot  matrix  printers. 
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#    Technology  Application 


Lawrence  Berkeley  Laboratory 


LBL  Develops  Powerful  Tritide  Technique  for 
Labeling  Organic  and  Biological  Molecules 


Investigators  at  Lawrence  Berkeley  Laboratory's  National  Tritium 
Labeling  Facility  have  invented  an  exciting  addition  to  the  repertoire  of 
the  tritium  labeling  chemist. 


LBL's  new  method  allows  the 
site-specific  incorporation  of  trit- 
ium into  organic  and  biological 
molecules  by  efficient  reduction 
processes.  Exceptionally  reactive 
and  selective  reducing  agents  are 
prepared  and  used  for  labeling  in  a 
"one-pot"  process.  Three  new 
tritide  reagents  have  been  synthe- 
sized at  carrier-free  levels,  and 
demonstrated  to  be  fully  reactive. 
They  are: 
•  Supertritide    (lithium    triethyl 

borotritide). 
•LiAlT,,    (lithium    aluminum 

tritide). 
•L-Selectride  (sterically  hindered 
lithium    tri-sec-butyl   borotri- 
tide). 

LBL's  extraordinary  tritide  reagents 
drive  numerous  conventional 
chemical  reactions.  These  versa- 
tile and  reactive  reagents  are 
now  available  to  the  tritium 
radiochemist,  and  allow  the 
chemist  to  take  advantage  of 
their  superb  chemoselectivity  and 
stereoselectivity. 


APPLICATIONS 


LBL's  tritiated  reagents  can  be 
used  to  label  nucleotides,  ammino 
acids,  and  immunoassays,  for 
example, RIA  (radioimmunoassay). 

LBL's  tritide  reagents  have  been 
used  to  reduce  p-toluene 
sulphonates,  amides,  lactones, 
esters  and  aldehydes — giving  prod- 
ucts at  maximum  specific  activity 
and  in  good  yield.  Table  1  com- 
pares the  many  reactions  possible 
using  these  new  reagents  with  the 
only  commercially  available 
tritiated  hydride  reducing  agent, 

sodium  borohydride  (NaBH.,  avail- 
able at  65%  of  maximum  specific 
activity).  LBL's  reagents  clearly 
exhibit  superior  reactivity  and  may 
be  used  in  many  more  synthetic 
processes  than  sodium  borohydride. 
In  addition,  tritide  reagents  such  as 
L-selectride  have  been  shown 
to  give  greater  control  over 
stereochemistry  and  selectivity 
than  NaBH,. 


MARKET 


According  to  a  recent  interna- 
tional market  report,  "The  total 
worldwide  market  for  nucleic  acid 
probe-based  tests  is  expected  to 
exceed  $750  million  by  1992. 
Two-thirds  of  this  will  be 
accounted  for  by  the  US,  and  by 
1995  the  total  worldwide  market 
could  be  approaching  two  billion 
dollars."  In  a  companion  report, 
the  world  clinical  immunoassay 
reagents  market  was  currently 
estimated  at  $2.3  billion. 

The  inventors  expect  the  new 
tritide  reagents  will  create  a  com- 
pletely new  area  of  tritium  label- 
ing with  a  market  size  similar  to 
those  serviced  by  the  current 
techniques  of  tritiation  and 
tritio-dehalogenation.  Complex 
hydrides  are  very  important  tools 
in  organic  synthesis.  Table  1  shows 
the  range  of  reducing  powers  and 
selectivities  available  through 
the  use  of  different  reagents. 
Until  now,  the  analogous 
tritiation  reactions  relied  on 
inferior  reagents,  or  materials 
with  low  tritium  concentration. 
The  products  were  always  a 
compromise  in  both  chemistry 
and  specific  activity  levels. 
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TECHNOLOGY  HIGHLIGHTS 


DEVELOPMENT  STATUS 


LBL's  new  tritide  reagents  offer  many  advantages 
over  current  labeling  reagents  available  to 
the  industry. 

•The  Supertritide,  L-selectride  and  LiAlT4 
reagents  give  products  of  maximum  specific 
activity,  in  good  yield. 

•The  reagents  may  be  produced  and  used  in  a 
tritiation  reaction  on  the  same  day. 

•The  highly  reactive  lithium  tritide  (Li-T) 
intermediate  and  final  reagents  allow  the  re- 
duction process  to  take  place  under  mild 
reaction  conditions. 

•The  need  for  wasteful,  high  temperature  ex- 
change reactions  to  produce  lithium  tritide  is 
eliminated. 

•The  desired  tritide  can  be  chosen  to  reduce  the 
functional  group  of  interest,  while  leaving  oth- 
ers untouched.  This  feature  is  not  available 
with  tritiation  and  tritiodehalogenation  reac- 
tions using  tritium  gas  and  metal  catalysts,  where 
other  groups  are  often  destroyed  under  the 
hydrogen-rich  reaction  conditions. 

•  LBL's  new  tritide  reagents  complement  the 
tritiation,  tritiodehalogenation  and  methyla- 
tion  reagents  currently  in  use  in  the  industry. 


# 


•The  Supertritide,  L-selectride  and  LiAlT4 
reagents  and  processes  described  in  this  an- 
nouncement are  ready  for  use  in  radiochemical 
preparations. 

•Preparation  of  tritiated  borane  (BT3)  has  been 
accomplished  and  been  shown  to  give  products 
of  maximum  specific  activity.  Within  a  year 
this  reagent  could  be  as  routinely  available  as 
LBL's  other  tritide  reagents. 

•Many  other  useful  tritide  reagents,  such  as 
NaBT3CN  and  the  Na  and  K  analogs  of  the  LBL 
reagents  described  in  this  announcement  are 
expected  to  be  readily  produced  with  similar 
chemistry. 

•The  reduction  process  was  developed  in  col- 
laboration with  Sandoz,  Inc.  LBL  holds  all 
rights  to  the  invention. 

•Patent  Pending. 


The  reduction  process  is  available  for  licensing  from 
Lawrence  Berkeley  Laboratory.  For  further  informa- 
tion please  contact: 

Mark  Owens 

Technology  Transfer  Office 

Lawrence  Berkeley  Laboratory 

1  Cyclotron  Road 

Mail  Stop  90-1076 

Berkeley,  CA  94720 

(415)  486-6467 


For  Additional  Information: 

Public  Information  Department 
Lawrence  Berkeley  Laboratory 
Berkeley,  CA  94720 
Telephone  (415)  486-5771 


♦ 


U.S.  Army  Fact  Sheet 


Photoacoustic  Control  of  Beam  Process 


When  energetic  beams  are  used  to 
process  materials,  one  of  the 
photoacoustic  detection  modalities  can 
be  used  for  real  time  control  of  the 
processing.  The  energetic  beams  can 
include  lasers,  microwaves,  ion  beams, 
electron  beams  and  molecular  beams. 
The  detection  modalities  include  in- 
frared, piezoelectric,  reflection,  mirage 
and  gas  cell.  A  complete  or  partial 
modulation  of  the  energetic  beam 
causes  a  periodic  temperature  fluctua- 
tion which  can  be  detected  by  one  of 
the  detection  modalities  appropriate 
for  the  process  under  consideration, 
and  the  resulting  signal  can  then  be 
used  to  control  the  energetic  beam. 

The  photoacoustic  effect  caused  by  the 
modulated  beam  is  detected  using  the 
"mirage"  technique,  which  responds  to 


changes  in  the  index  of  refraction  of 
the  air  due  to  its  periodic  heating  by 
the  heated  spot.  The  response  signal 
is  returned  to  control  the  modulated 
beam's  power. 

This  technology  can  be  used  to  estab- 
lish photoacoustic  effect  by  detecting 
characteristic  temperature  variation 
manifested  as  pressure,  index  of 
refraction,  thermoelastic,  or  infrared 
radiation  changes.  Another  mode  al- 
ternative is  an  electrical  signal  repre- 
sentation used  in  conjunction  with  an- 
cillary signal  processing  control  cir- 
cuits for  controlling  beam-generating 
power  control. 

For  more  information,  contact  Bob 
Hostetler,  Army  Tank-Automotive 
Command,  at  (313)  574-5270. 
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g i 

Major  Expansion  made  to  Chemical  Kinetics 
Database 

The  NIST  Chemical  Kinetics  Database  for  personal  computers  (PCs)  now  contains  information  on  the  rates  of  more 
than  5,000  chemical  reactions  with  more  than  12,000  individual  entries  that  include  data  on  2,400  compounds  that 
are  reactants  or  products.  Chemists,  environmentalists,  and  engineers  will  find  it  useful  for  modeling  combustion 
systems,  gas  phase  reactors,  and  chemical  processes  occurring  in  the  atmosphere.  These  data  are  necessary  to 
understand  the  reactions  of  such  chemicals  as  fluorocarbons  and  their  role  in  depleting  the  Earth's  ozone  layer. 
The  database  has  increased  searching  speed  and  contains  several  new  features,  such  as  the  simultaneous  display  of 
abstracts  and  graphics.  Users  can  search  by  author  name,  add  data  to  be  plotted,  and  store  comments  and  other 
information. 

FOR  ADDITIONAL  INFORMATION:  PC  Version  2.0  of  the  Chemical  Kinetics  Database,  Standard  Reference 
Database  17,  is  available  for  $300.  It  can  be  stored  on  the  hard  disk  of  any  AT  or  XT-Class  PC  where  it  occupies 
3.5  megabytes.  Users  of  PC  Version  1.0  may  upgrade  for  $100.  To  order  PC  Version  2.0,  contact  the  Standard 
Reference  Data  Program,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899;  301/975-2208. 
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Improved  Multiple-Species  Cyclotron  Ion  Source 

86Kr+17  is  used  instead  of  80Kr+16. 


The  use  of  the  pure  isotope  ^r  instead 
of  natural  krypton  in  a  multiple-species  ion 
source  enables  the  source  to  produce 
krypton  ions  that  can  be  separated  from 
argon  ions  by  tuning  a  cyclotron  with  which 
the  source  is  used.  The  modified  source  is 
used  with  the  88-in.  Cyclotron  at  the  Uni- 
versity of  California  at  Berkeley  to  simulate 
heavy-ion  cosmic  rays  in  studies  of  the  ef- 
fects of  these  rays  on  solid-state  electronic 
circuits.  The  addition  of  the  capability  to 
produce  and  separate  krypton  ions  at  ki- 
netic energies  of  150  to  400  MeV  is  neces- 
sary for  simulation  of  the  worst-case  ions 
that  occur  in  outer  space. 

An  electron  cyclotron  resonance  (ECR) 
source  can  be  tuned  to  emit  a  beam  con- 
taining ions  of  several  different  species  si- 
multaneously, provided  that  each  species 
has  a  similar  ratio  of  atomic  mass  (A)  to 
charge  (Q).  However,  the  A/Q  ratios  of  the 
species  must  differ  sufficiently  to  enable 
the  separation  of  the  species  by  use  of  the 
slight  differences  between  their  cyclotron 
frequencies.  The  advantage  of  such  a  mul- 
tiple-species ion  source  is  that  it  takes  only 
a  few  minutes  to  retune  the  cyclotron  from 
one  species  to  another. 

Previously,  The  ERC  source  had  been 
used  to  provide  40Ar  +  8,  20Ne  +  4,  and 
15N  +3.  The  A/Q  ratios  of  these  ions  differ 
enough  that  they  can  be  separated  by 
tuning  (see  table).  Heretofore,  it  has  not 


Cyclotron  Frequency  of 

This  Ion  Minus 

Energy 

Cyclotron  Frequency  of 

Ion 

(MeV) 

A/Q 

40Ar  +  8 

Original  Ions 

15^  +  3 

62.5 

5.00 

-13.416 

20Ne  +  4 

80.7 

5.00 

-   7.962 

40Ar+8 

156 

5.00 

0.0 

Additional  Ion 

86^r  +  17 

316 

5.06 

- 163.250 

Contaminant  Ion 

8C>Kr  + 16 

291 

5.00 

1.486 

The  Cyclotron  Parameters  for  the  principal  species  of  ions  include  the  cyclotron  frequency, 
which  is  tuned  to  select  the  desired  species. 


been  practical  to  include  natural  krypton  in 
the  source  because  when  the  cyclotron  is 
tuned  to  argon,  the  cyclotron  beam  is  con- 
taminated by  the  naturally  abundant  kryp- 
ton isotope  ^Kr + 16.  The  reason  is  that  the 
resonant  frequency  for  80|<r+16  is  only 
1.486  kHz  away  from  that  of  ^Ar*8  and 
well  within  the  resonance  width  of  the 
cyclotron  (3  kHz,  full  width  at  half  maxi- 
mum). 

This  difficulty  is  surmounted  by  use  of 
the  single  ion  isotope  86Kr  +  'i7,  the  tuning 
point  of  which  differs  by  163.250  kHz.  Tests 
have  confirmed  that  the  ECR  source  can 
produce  all  four  ion  species  simultaneous- 
ly when  its  magnetic  field  is  tuned  to  an  in- 
termediate A/Q  value  of  5.025.  The  source 


has  performed  flawlessly  with  the  new 
four-ion  mixture,  with  changeovers  to  and 
from  the  krypton  ion  in  minutes.  There  was 
found  to  be  no  detectable  krypton  con- 
tamination that  would  affect  the  results  of 
experiments  with  ions  of  lower  atomic 
numbers  and  lower  degrees  of  ionization. 
This  new  beam  capability  saves  many 
hours  of  expensive  tuning  time  and  greatly 
facilitates  the  scheduling  and  use  of  the  ion 
source. 

This  work  was  done  by  George  A.  Soli 
and  Donald  K.  Nichols  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17766/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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f 

Basics  of  Chemical  Instrumentation  Explained 


A  recent  NIST  publication  provides  an  introduction  to  chemical  instrumentation  for  persons  working  outside  the 
field  of  experimental  chemistry.  The  Basics  of  Chemical  Instrumentation,  Volume  1  -  Separation  Methods 
(NISTIR  89-3933)  discusses  the  instrumentation  and  techniques  of  all  major  separation  methods  used  in  chemical 
analysis.  The  discussion  begins  with  the  characteristics  of  mixtures  and  the  molecular  properties  affecting  the 
separation  process.  Topics  include  gas  chromatography,  high-performance  liquid  chromatography,  supercritical 
fluid  chromatography,  and  electrophoresis.  Important  calibration  methods  are  also  discussed. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  order  number:  PB90-198458NAC 

Price  code:  A09 


♦ 
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PC  Database  Available  for  Hydrocarbon  Mixtures 


NIST  scientists  have  developed  a  new  database  for  calculating  density,  viscosity,  and  other  important  engineering 
property  data  of  hydrocarbon  mixtures  -  petroleum,  natural  gas,  and  organic  materials.  The  NIST  Thermophysical 
Properties  of  Hydrocarbon  Mixtures  (Supertrapp)  database  is  designed  to  provide  rapid  access  to  vital  information 
on  the  storage  and  transportation  of  fluids,  and  for  the  design  of  new  chemical  processes.  It  is  available  on  a 
floppy  disk  for  personal  computers  (PCs).  The  interactive  program  allows  users  to  calculate  quickly  various 
thermodynamic  and  transport  properties  for  pure  fluids  or  for  mixtures  of  up  to  20  components.  These  mixtures 
can  be  selected  from  a  database  of  1 16  components,  mostly  hydrocarbons  such  as  ethane,  hexane,  and  methane,  and 
hydrocarbons  as  heavy  as  tetracosane.  Some  nonhydrocarbons,  such  as  carbon  dioxide,  nitrogen,  and  oxygen,  are 
included. 

FOR  ADDITIONAL  INFORMATION:  NIST  Standard  Reference  Database  4,  Supertrapp,  is  available  for  $490 
from  the  Standard  Reference  Data  Program,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899;  301/975-2208. 
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Chamber  for  Testing  Polymers  in  Oxygen  Plasma 

The  specimen  is  surrounded  with  a  plasma  and  maintained  at  a  constant  temperature. 


An  apparatus  holds  a  polymer  speci- 
men at  a  constant  temperature  while  ex- 
posing it  to  an  oxygen  plasma.  The  appa- 
ratus is  used  to  evaluate  the  resistances  of 
polymer  materials  to  plasma  environments. 

The  apparatus  includes  a  Pyrex  (or  equiv- 
alent) glass  chamber  with  a  removable  pol- 
y(methyl  methacryate)  door  that  holds  a 
specimen-mounting  fixture  (see  figure).  A 
silicone  ring  seals  the  door  to  the  chamber. 

A  cooling  coil  extends  through  the  door 
and  holds  a  copper  block,  which  supports 
the  specimen.  Water  at  23 °C  flows 
through  the  cooling  coil.  A  thermoelectric 
module  on  the  block  cools  or  heats  the 
specimen.  A  glass  plate  on  the  specimen 
holds  it  firmly  against  a  thermocouple  and 
the  thermoelectric  module.  A  hole  in  the 
plate  exposes  the  specimen  to  the  plasma. 

The  thermocouple,  spring-loaded  so  that 
it  presses  against  the  specimen,  monitors 
its  temperature.  The  thermocouple  is  con- 
nected through  the  door  to  an  external 
control  circuit  that  adjusts  the  electric  cur- 
rent in  the  thermoelectric  module  to  main- 
tain the  specimen  at  a  steady  temperature. 

After  a  specimen  has  been  loaded  and 
sealed,  the  chamber  is  evacuated,  then 
backfilled  with  oxygen  to  a  pressure  of  600 
to  900  mtorr  (80  to  120  Pa).  The  temper- 
ature and  pressure  in  the  chamber  are 
allowed  to  stabilize  for  about  15  minutes. 
To  dissociate  the  oxygen  into  a  plasma,  the 
chamber  is  then  excited  by  up  to  100  W  of 
power  at  a  frequency  of  13.56  MHz.  The 
specimen  is  exposed  to  the  plasma  for  30 
minutes  at  a  temperature  of  10,  45,  or 
75  °C.  The  specimen  is  then  removed  from 
the  chamber  and  examined.  The  chamber 
can  also  be  instrumented  for  analysis  of 
the  gases  produced  by  the  attack  of 
plasma  on  the  polymer  specimen. 

This  work  was  done  by  Ann  F.  Whitaker 
of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28368/TN. 
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The  Copper  Tube  (part  of  the  cooling  coil)  extends  into  the  plasma  chamber,  supporting  the 
copper  block  and  the  thermoelectric  module  on  which  the  specimen  is  mounted.  The  copper 
block  is  made  small  —  4.4  by  3.8  by  1.6  cm  —  so  that  it  has  little  effect  on  the  plasma. 


George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Laser  Schlieren  System  Detects  Sounds  of  Leaks 

Hostile  environments  can  be  monitored  safely  and  noninvasively. 


A  modified  laser  schlieren  system  acts 
as  a  microphone  to  detect  the  sounds  of 
leaks  remotely.  The  system  is  sensitive  to 
acoustical  frequencies  above  the  audible 
range  and  is  especially  suited  for  monitor- 
ing leaks  of  high-pressure  steam  from 
boilers  or  chemical  vapors  from  process- 
ing equipment.  The  system  does  not  re- 
quire the  placement  of  delicate  equipment 
in  the  harsh  environment  to  be  monitored, 
and  there  need  be  no  contact  with  the 
boiler  or  other  unit  being  monitored. 

In  the  latest  (dual-beam)  version  of  the 
system  (see  figure),  light  from  a  helium/ 
neon  laser  is  split  into  two  beams  that  are 
aimed  at  a  point  on  a  retroreflective  target. 
The  angle  between  the  beams  is  set  so  that 
the  spatial  period  of  the  interference  frin- 
ges formed  by  the  intersecting  beams 
equals  the  pitch  of  a  moire  pattern  printed 
on  the  target.  A  Fresnel  lens  5  in.  (12.7  cm) 
in  diameter  collects  light  reflected  by  the 
target  and  focuses  it  on  a  photocell.  The 
output  of  the  photocell  is  amplified  and 
sent  to  a  spectrum  analyzer. 

The  components  are  arranged  so  that 
the  laser  beams  pass  by  the  equipment  to 
be  monitored.  Sound  emanating  from  this 
equipment  causes  fluctuations  in  the  index 
of  refraction  of  the  atmosphere.  These 
fluctuations  bend  the  laser  beams  back 
and  forth  slightly,  causing  the  interference 
fringes  to  move  across  the  moire  pattern 
and  modulate  the  reflected  light.  The  spec- 
trum of  the  modulation  is  analyzed  in  the 
effort  to  diagnose  a  leak. 

The  dual-beam  version  of  the  system  is 
more  sensitive  than  the  single-beam  ver- 
sion. The  single-beam  version  operates  on 
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The  Laser  Schlieren  Microphone  detects  sound  waves  via  the  variation  of  the  index  of  refrac- 
tion of  air  at  the  acoustical  frequencies.  This  system  can  be  used  to  monitor  sound  frequen- 
cies beyond  the  range  of  human  hearing. 


a  similar  principle,  but  the  target  is  illumi- 
nated by  only  a  single  spot  of  light.  If  the 
system  is  to  be  used  in  the  presence  of 
soot,  an  infrared  laser  may  be  preferred 
because  of  its  greater  penetrating  power. 

This  work  was  done  by  Parthasarathy 
P.  Shakkottai  and  A.  Vijayaragavan  Alwar 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  is  the  invention  of  a  NASA 
employee,  and  a  patent  application  has 
been  filed.  Inquiries  concerning  license  for 
its  commercial  development  may  be 
addressed  to  the  inventor,  Mr.  Par- 
thasarathy P.  Shakkottai,  2622  Gardi 
Street,  Duarte,  CA  91010.  Refer  to 
NPO-17009fTN. 


Jet  Propulsion  Lab. 
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Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


1133 


NASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Measuring  Irradiance  Over  Large  Areas 

The  map  of  temperature  on  a  thin  reradiating  sheet  yields  data  on  the  thermal  irradiance. 


A  relatively  simple  experimental  tech- 
nique yields  data  that  can  be  processed, 
via  a  straightforward  mathematical  model, 
into  a  map  of  the  thermal  irradiance  over  a 
large  area.  The  technique  can  be  used  to 
obtain  rapid  measurements  of  the  incident- 
flux  distribution  over  a  broad  spectral 
range  at  specific  locations  relative  to  such 
heat  sources  as  infrared  heat  lamps  or 
lasers.  The  technique  was  originally  de- 
veloped to  verify  efficiently  the  uniformity 
of  irradiance  that  would  be  produced  by  a 
complex  array  of  quartz-tube  heat  lamps 
and  reflector  elements  over  a  large  space- 
craft solar  panel  during  thermal  vacuum- 
chamber  tests. 

A  thin,  opaque  sheet  of  material  having 
known  solar  absorptance  and  emittance  is 
placed  at  the  distance  and  orientation  rel- 
ative to  the  heat  sources  where  the  irradi- 
ance is  to  be  evaluated.  The  heat  sources 
are  turned  on,  and  the  sheet  is  allowed  to 
come  to  thermal  equilibrium  with  the  en- 
vironment (which  could  be  a  suitable  labo- 
ratory room  or  an  evacuated  chamber).  An 
imaging  infrared  radiometer  is  used  to  map 
the  temperature  distribution  on  the  sheet 
(see  figure). 

The  sheet  is  extremely  thin  and  has  a 
very  low  thermal  conductivity,  so  that  the 
lateral  diffusion  of  heat  within  it  is  negligi- 
ble. The  steady-state  energy  balance  at 
any  point  on  the  sheet  can  therefore  be 
described  by  a  mathematical  model  that 
includes  only  the  radiative  and  convective 
heat  losses,  plus  absorbed  irradiance.  On- 
ly such  parameters  as  the  solar  absorp- 
tance and  emittance  of  the  sheet,  the 
temperatures  of  the  sheet  and  the  environ- 
ment, and  the  convective  film  coefficients 
(if  air  is  present)  are  required  for  a  com- 
plete solution.  The  equation  can  be 
manipulated  to  solve  directly  for  the  local 
irradiance  as  a  function  of  the  local 
measured  sheet  temperature  and  the 
other  parameters. 

The  equation  is  valid  provided  that  the 
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following  additional  conditions  are  satis- 
fied: 

1 .  The  sheet  is  opaque  and  diffuse  and  has 
high  emittance  over  a  broad  spectral 
range. 

2.  The  heat  sources  are  far  enough  away 
from  the  sheet  that  they  do  not  signifi- 
cantly block  the  total  view  to  the  sur- 
roundings. 

3.  In  air,  the  test  should  be  conducted  under 
conditions  that  permit  reliable  calculation 
of  convective  film  coefficients. 

4.  Local  variations  in  convective  film  coeffi- 
cients are  small. 

5.  Local  variations  in  radiative  properties  of 
the  sheet  (solar  absorptance,  emittance, 
diffuseness,  and  the  like)  are  negligible. 

6.  The  facility  in  which  the  test  is  performed 
is  large  with  respect  to  the  sheet. 

7.  The  chamber  in  which  the  test  is  per- 
formed is  at  a  known,  uniform  tempera- 
ture. In  air,  it  is  convenient  (but  not  nec- 
essary) to  assume  the  chamber  is  at  the 
ambient  air  temperature. 

The  mathematical  model  and  radiomet- 
ric flux-density  mapping  technique  have 
been  validated  by  comparison  with  calori- 
metrically  obtained  irradiance  measure- 


ments for  a  complex  heat-source  geome- 
try. The  flux  level  was  predicted  with  an 
accuracy  of  15  percent  or  better,  and  the 
shape  of  the  two-dimensional  irradiance 
distribution  matched  the  measured  profile 
very  closely.  Modern  commercial  imaging 
infrared  radiometers  detect  temperature 
differences  sufficiently  small  to  resolve  ir- 
radiance differences  of  less  than  1  per- 
cent, using  this  method.  The  technique  can 
provide  useful  data  on  irradiance  distribu- 
tion at  levels  up  to  approximately  6  kW/m2 
in  near  real  time  over  very  large  areas.  It  is 
especially  useful  in  cases  where  accurate 
mathematical  modeling  is  not  practical  be- 
cause of  the  geometric  complexity  of  the 
heat  sources  or  of  the  targets,  or  where 
heat-source  power  outputs  are  not  accu- 
rately known,  or  vary  with  time.  The  quick 
response  also  facilitates  rapid  adjustments 
to  the  heat-source  geometry  to  obtain 
desired  flux  patterns. 

This  work  was  done  by  Stuart  D. 
Glazer  and  Georg  Siebes  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17810/TN 
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Silicon  Detectors  for  Helium  Liquid  and  Vapor 

Liquid  cools  more  than  vapor  does,  resulting  in  greater  electrical  resistance. 


Simple  electrical-resistance  devices 
made  of  silicon  indicate  whether  helium  liq- 
uid or  helium  vapor  is  present.  Although  the 
devices  were  designed  primarily  for  use  in 
outer  space,  they  have  been  tested  and 
found  to  operate  in  normal  Earth  gravity. 
Such  helium-liquid/vapor  detectors  can  be 
incorporated  into  ducts  or  containers  of 
laboratory  equipment,  for  example,  and 
used  to  infer  locations  of  liquid/vapor  inter- 
faces in  order  to  measure  quantities  of  liq- 
uid and  vapor  or  to  control  refill  operations. 

The  devices  are  0.25-mm  cubes  of  sili- 
con doped  with  antimony  and  boron. 
Ohmic  contacts  are  formed  on  opposite 
faces  by  implantation  of  arsenic  at  150  keV 
and  coating  with  gold.  One  gold  face  of 
each  cube  is  soldered  or  bonded  with  silver 
epoxy  to  a  gold-plated,  0.05-mm-diameter 
304  stainless-steel  wire  that  serves  as  a 
support  and  as  a  common  electrical  con- 
ductor for  all  the  devices  in  a  string  of  them 
(see  figure).  The  other  face  of  each  cube  is 
soldered  or  silver  epoxied  to  a  0.05-mm-di- 
ameter manganin  wire.  The  cubes,  wires, 
and  solder  or  epoxy  lumps  are  made  small 
to  make  their  heat  capacities  low  to  pro- 
mote rapid  thermal  response. 

The  electrical  resistance  of  each  device 
depends  strongly  on  its  temperature.  A 
small,  fixed  electrical  current  is  passed 
through  each  device,  heating  it  above  the 
temperature  of  the  surrounding  helium  and 
decreasing  its  resistance.  Because  the  liq- 
uid helium  cools  the  device  more  than 
does  helium  vapor  at  the  same  tempera- 
ture, the  device  has  a  higher  resistance  in 
liquid  than  in  vapor.  Therefore,  the  voltage 
across  the  device  is  higher  in  the  presence 
of  liquid,  and  this  voltage  is  measured  to 
determine  whether  liquid  or  vapor  is  pres- 
ent. 

The  level  of  doping  is  selected  so  that 
the  "liquid"  reading  is>2  Vandthe  "vapor" 
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I  DETAIL  A 

Silicon  Cubes  are  supported  by  stainless-steel  wires  and  strips.  The  voltage  across  each 
cube  at  a  fixed  current  indicates  whether  it  is  immersed  in  helium  liquid  or  vapor. 


reading  is  <0.5  V  over  a  wide  range  of  cur- 
rent. Each  device  is  operated  at  a  power 
(typically  >0.3  mW)  sufficient  to  boil  away 
any  liquid-helium  film  that  remains  on  the 
device  when  it  is  immersed  in  vapor,  but 
not  so  large  a  power  as  to  cause  boiling 
when  the  device  is  immersed  in  the  bulk  liq- 
uid. The  doping  level  can  be  optimized  for 
operation  at  a  specified  temperature.  How- 
ever, the  operating  characteristics  of  a 
typical  device  are  nearly  independent  of  its 
operating  temperature  over  a  relatively 
wide  (for  cryogenic  practice)  temperature 


range,  e.g.,  <1.4  K  to  >  4.2  K. 

The  detectors  respond  rapidly  to  chang- 
es in  the  surrounding  medium.  For  example, 
in  one  set  of  tests  in  which  thick  superfluid 
helium  films  were  boiled  off  the  detectors, 
the  transitions  from  "liquid"  signals  (~1.8 
V)  to  "vapor"  signals  (~  0.3  V)  upon  com- 
pletion of  boiloff  took  >  5  ms. 

This  work  was  done  by  M.J.  DiPirro 
andA.T.  Serlemitsos  of  Goddard  Space 
Flight  Center.  GSC-13281/TN 
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Acoustic  Reduction  of 
Separation  of  Flow 

The  effect  of  sound  is  tested 
in  flows  about  airfoils. 

A  report  discusses  experiments  in  the 
use  of  acoustic  excitation  to  reduce  the 
sepa ration  of  two-dimensional  lam ina r  flow 
about  airfoils  at  low  angles  of  attack.  The 
purpose  of  this  investigation  was  to  gain  a 
better  understanding  of  the  effect  of  the  ex- 
citation, the  scaling  of  the  parameters  of 
the  excitation,  and  the  ranges  of  frequen- 
cies in  which  the  excitation  reduces  sepa- 
ration effectively. 

The  experiments  were  performed  in  the 
NASA  Lewis  Low  Speed  Wind  Tunnel, 
which  has  a  76-by-51-cm  test  cross  section 
and  an  intensity  of  free-stream  turbulence 
less  than  0.1  percent.  Airfoils  of  two  dif- 
ferent shapes  and  stalling  characteristics 
were  tested;  for  each  shape  there  were 
two  models  with  chords  of  12.7  and  25.4 
cm  respectively.  The  airfoils  were  support- 
ed at  midchord  and  spanned  the  test  sec- 
tion. The  acoustic  excitation  was  provided 
by  loudspeakers  in  the  ceiling  of  the  test 
section. 

The  experiments  were  conducted  in  the 


range  of  chord  Reynolds  numbers  (R^ 
from  25,000  to  1 00,000.  A  microphone  was 
used  to  measure  a  reference  level  of 
sound  pressure.  A  crossed  hot-film  probe 
was  used  to  measure  the  fluctuations  in 
velocity  at  a  reference  location.  A  single 
hot-wire  probe  on  a  computer-controlled 
traversing  mechanism  was  used  to  meas- 
ure the  velocity  field  around  each  airfoil. 
The  lift  produced  by  the  flow  about  each 
airfoil  was  measured,  and  the  coefficient  of 
lift  computed.  The  effect  on  the  coefficient 
of  lift  is  a  primary  measure  of  the  influence 
of  the  excitation. 

The  data  from  the  experiments  showed 
that  sound  of  an  appropriate  frequency 
can  reduce  the  separation  of  laminar  flows 
on  the  suction  sides  of  airfoils  at  low  angles 
of  attack  and  low  Rc,  resulting  in  significant 
increases  in  the  coefficients  of  lift.  It  was 
found  that  when  the  amplitude  of  the  per- 
turbation in  velocity  induced  by  the  sound 
is  kept  constant,  the  most  effective  fre- 
quency scales  as  U\  (where  U    =  the 


speed  of  the  unperturbed  flow  in  the  test 
section).  The  optimum  effect  occurs  at  an 
excitation  frequency  fp  that  causes  the  pa- 
rameter fpC/UJRY*  (where  c  =  the  length 
of  the  chord  of  the  airfoil)  to  have  a  value  of 
0.02  to  0.03.  Detailed  data  on  the  flow  field 
indicate  that  a  separated  region  still  exists 
under  the  excitation  and  that  the  imposed 
perturbation  is  amplified  primarily  in  the 
downstream  shear  layer  rather  than  in  the 
upstream  boundary  layer. 

This  work  was  done  by  K.B.M.Q. 
Zaman  and  D.J.  McKinzie  of  Lewis 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-101379 
[N89-12552],  Price  Code:  A03  "Control  of 
'Laminar  Separation'  Over  Airfoils  by 
Acoustic  Excitation." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14876/TN 
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Civil  Applications  for  New 
V/STOL  and  STOL  Aircraft 

New  designs  offer  benefits  in 
congested  urban  areas  and 
remote  regions. 

A  report  explores  the  potential  uses  in 
civil  aviation  of  advanced  rotorcraft, 
vertical/short-takeoff-and-landing  (V/STOL) 
aircraft,  and  short-takeoff-and-landing 
(STOL)  aircraft.  Future  opportunities  for 
such  aircraft  are  enormous,  the  report 
concludes.  They  can  overcome  formidable 
geographic  barriers  and  the  lack  of  major 
airport  facilities,  bringing  fast,  flexible 
transportation  to  remote  areas.  At  the 
same  time,  these  aircraft  can  relieve  con- 
gestion at  airports  in  densely  populated 
areas  by  utilizing  pads  and  short  runways 
without  interfering  with  large-air-carrier 
traffic. 

The  report  describes  new  aircraft  con- 
figurations and  compares  their  advan- 
tages. It  considers  such  rotorcraft  designs 
as  the  tilt  rotor,  folding  tilt  rotor,  stowed 


rotor,  compound  advancing-blade  concept 
(ABC)  rotors,  and  stopped  (X-wing)  rotors. 
Among  V/STOL  aircraft,  which  combine 
hovering  ability  with  extremely  short  take- 
offs  and  landings,  the  report  considers  lift- 
cruise  fan,  tilting-wing,  and  vectored-thrust 
types.  The  report  covers  advanced  STOL 
aircraft  —  which  by  definition  can  take  off 
or  land  over  a  50-ft  (15-m)  obstacle  in  a 
distance  of  2,000  ft  (600  m)  —  with  aug- 
mentor  wings,  upper-surface-blowing 
wings,  and  externally  blown  flap  systems. 
The  compound  ABC  rotor,  tilt-rotor,  tilt- 
wing,  and  X-wing  aircraft  are  best  suited  to 
commuter  airline  service.  Tourism  ap- 
pears to  be  an  especially  attractive  ap- 
plication for  compound  ABC,  tilt-rotor,  and 
X-wing  aircraft  because  they  can  land  on 
surfaces  that  are  not  well  prepared.  Be- 


cause they  can  also  hover,  they  are  well 
suited  for  public-safety,  law-enforcement, 
air-ambulance,  fire-fighting,  and  disaster- 
relief  services.  All  configurations  may  be 
useful  as  utility  vehicles  in  developing  re- 
gions; the  choice  will  depend  on  require- 
ments for  speed,  range,  and  hovering. 

This  work  was  done  by  James  A. 
Albers  and  John  Zuk  of  Ames  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-100035  [N88-11643],  Price 
Code:  A03  "Civil  Applications  of  High- 
Speed  Rotorcraft  and  Powered-Lift  Aircraft 
Configurations." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  ARC  12175/TN 
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Four-Wheel  Vehicle  Suspension  System 

Levers  reduce  tilt  and  provide  three-point  suspension  of  the  chassis. 


A  four-wheel  suspension  system  (see 
figure)  uses  a  simple  system  of  levers  with 
no  compliant  components  to  provide  three- 
point  suspension  of  the  chassis  of  a  vehicle 
while  maintaining  four-point  contact  with 
uneven  terrain.  The  system  provides  the 
stability  against  tipping  of  a  four-point  rec- 
tangular base,  without  the  rocking  contact 
to  which  a  rigid  four-wheel  frame  is  sus- 
ceptible. The  new  four-wheel  suspension 
system  is  similar  to  the  six-wheel  suspen- 
sion system  described  in  "Articulated 
Suspension  Without  Springs"  (NPO-17354), 
NASA  Tech  Briefs  Vol.  14,  No.  1,  p.  60. 

The  elevation  of  each  of  the  three  body 
points  from  which  the  chassis  is  suspend- 
ed is  determined  by  the  average  of  the 
elevations  of  two  of  the  wheels.  Thus,  the 
suspension  averages  over  the  roughness 


Points  of  Suspension 


Pitch  Axis 


The  Four-Wheel  Suspension  System  uses 
levers  to  provide  three-point  suspension  of 
the  chassis  (which  is  not  shown)  without  the 
use  of  compliant  members. 


of  the  terrain  to  some  degree,  and  provides 
a  smoother  ride  than  would  be  obtained  if 
the  body  were  directly  supported  on  three 
wheels  located  at  the  suspension  points. 

The  four-wheel  suspension  provides  a 
greater  moment  arm  to  resist  overturning 
than  does  a  three-wheel  suspension  of  the 
same  overall  length  and  width.  If  a  wheel 
sinks  into  a  low  spot  in  the  terrain,  the  cor- 
responding corner  of  the  chassis  sinks  by  a 
lesser  amount.  Thus,  the  tilt  angle  (and  the 
attendant  shift  of  weight  that  aggravates 
the  situation)  is  less  than  occurs  with  a  rigid 
four-wheeled  frame  that  rocks  at  the  same 
low  spot. 

This  work  was  done  by  Donald  B. 
Bickler  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  NPO-17407/TN 
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